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The  Massachusetts  Institute  of  Technology  held  its  first 
meeting  on  April  8,  1862.  By  the  act  of  incorporation,  which 
was  accepted  at  this  meeting,  the  Society  *of  Arts  was  created 
as  a  part  of  the  Institute  coordinate  with  the  School  of  Industrial 
Science. 

The  objects  of  the  Society  are  to  awaken  and  maintain  an 
active  interest  in  the  sciences  and  their  practical  applications,  and 
to  aid  generally  in  their  advancement  in  connection  with  the  arts, 
agriculture,  manufactures,  and  commerce.  Regular  meetings  are 
held  semi-monthly  from  October  to  May. 

The  Society  discontinued  the  publication  of  the  Abstracts  of 
Proceedings  in  1891,  and  since  then   has  published  its  proceedings 

and  the  principal  papers   read  at  its  meetings  in  the  Technology 

Quarterly.      The  present  volume  contains  the   proceedings    from 
October,  1900,  to  May,  1901,  inclusive. 

The  Quarterly  contains,  also,  the  results  of  scientific  investi- 
gations carried  on  at  the  Institute,  and  other  papers  of  interest 
to  its  graduates  and  friends. 

Neither  the  Massachusetts  Institute  of  Technology  nor  the 
Society  of  Arts  assumes  any  responsibility  for  the  opinions  or 
statements  in  the  papers. 
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BY-LAWS. 


'      Objects  of  the  Society. 

The  objects  of  the  Society  are  to  awaken  and  maintain  an  active 
interest  in  the  practical  sciences,  and  to  aid  generally  in  their  advance- 
ment and  development  in  connection  with  arts,  agriculture,  manufac- 
tures, and  commerce. 

The  Society  invites  all  who  have  any  valuable  knowledge  of  this 
kind  which  they  are  willing  to  contribute  to  attend  its  meetings  and 
become  members.  Persons  having  valuable  inventions  or  discoveries 
which  they  wish  to  explain  will  find  a  suitable  occasion  in  the  Society 
meetings,  subject  to  regulations  hereafter  provided  ;  and  while  the 
Society  will  never  indorse,  by  vote  or  diploma  or  other  official  recog- 
nition, any  invention,  discovery,  theory,  or  machine,  it  will  give  every 
facility  to  those  who  wish  to  discuss  the  principles  and  intentions  of 
their  own  machines  or  inventions,  and  will  endeavor  at  its  meetings, 
or  through  properly  constituted  committees,  to  show  how  far  any 
communications  made  to  it  are  likely  to  prove  of  real  service  to  the 
community. 

Section  I.  —  Administration. 

The  immediate  management  and  control  of  the  affairs  of  the 
Society  of  Arts  shall  be  exercised  by  an  Executive  Committee,  con- 
sisting of  the  President  of  the  Institute  and  the  Secretary  of  the  . 
Society  (who  shall  be  members  ex  officiis)^  and  five  other  members, 
who  shall  be  elected  by  the  Society  of  Arts  at  each  annual  meeting, 
to  continue  in  office  until  other  persons  have  been  chosen  in  their 
place. 

Sect.  II.  —  Duties  of  the  Executive  Committee. 

The  Executive  Committee  shall  elect  its  chairman,  prescribe  his 
duties,  and,  with  the  concurrence  of  the  Treasurer  of  the  Institute, 
fix  his  compensation  when  the  interests  of  the  Society  require  that 
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he  should  be  paid  for  his  services  ;  they  may  invite  any  person  to 
preside  at  any  ordinary  meeting  who  is  well  versed  in  the  subjects 
to  be  discussed ;  they  shall  appoint  the  days  and  times  of  meeting, 
when  not  fixed  by  the  Society,  and  determine  the  subjects  to  be  con- 
sidered at  the  meetings  and  the  mode  of  conducting  the  discussiorls ; 
they  may,  with  the  concurrence  of  the  President  of  the  Institute, 
make  such  arrangements  for  reporting  and  publishing  the  proceedings 
of  the  Society  as  they  may  deem  best  suited  to  advance  its  interests ; 
they  may  receive  moneys  in  behalf  of  the  Society  in  aid  of  its  objects, 
by  subscription,  donation,  or  bequest ;  they  shall  make  a  report  of 
their  doings  to  the  Society  at  its  annual  meeting  and  at  such  other 
times  as  a  report  may  be  called  for  by  a  majority  of  the  members  pres- 
ent at  any  meeting ;  they  shall  also  make  a  report  of  their  doings  to 
the  President  of  the  Institute  prior  to  the  annual  meeting,  and  at  such 
other  times  as  the  Corporation  may  require  it.  Three  members  shall 
constitute  a  quorum  for  the  transaction  of  business. 

Sect.  III.  —  Duties  of  the  President  and  Secretary. 

1.  It  shall  be  the  duty  of  the  President  of  the  Institute  to  preside 
at  the  annual  and  the  special  meetings  of  the  Society,  and  also  at  its 
ordinary  meetings  when  the  Executive  Committee  does  not  invite  a 
special  chairman  to  preside. 

2.  It  shall  be  the  duty  of  the  Secretary  of  the  Society  to  give 
notice  of  and  attend  all  meetings  of  the  Society  and  of  the  Executive 
Committee ;  to  keep  a  record  of  the  business  and  orders  of  each  meet- 
ing, and  read  the  same  at  the  next  meeting ;  to  keep  a  list  of  the  mem- 
bers of  the  Society,  and  notify  them  of  their  election  and  of  their 
appointment  on  committees ;  and  generally  to  devote  his  best  efforts, 
under  the  direction  of  the  Executive  Committee,  to  forwarding  the 
business  and  advancing  the  interests  of  the  Society.  He  shall  also 
record  the  names  of  the  Executive  Committee  attending  each  meeting. 

Sect.  IV.  —  Funds  of  the  Society. 

All  the  fees  and  assessments  of  members,  and  all  moneys  received 
by  subscription,  donation,  or  otherwise,  in  aid  of  the  Society,  shall  be 
paid  into  the  treasury  of  the  Corporation,  to  be  held  and  used  for  the 
objects  of  the  Society  under  the  direction  of  the  Executive  Commit- 
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tee,  and  shall  be  subject  to  the  order  of  its  Chairman,  countersigned 
by  the  President  of  the  Corporation. 

Sect.  V.  —  Meetings  of  the  Society  . 

1.  The  annual  meeting  of  the  Society  shall  be  held  at  the  Insti- 
tute on  the  second  Thursday  in  May.  The  ordinary  meetings  shall  be 
held  semi-monthly,  or  whenever  deemed  expedient  by  the  Society  or 
by  the  Executive  Committee,  excepting  in  the  months  of  June,  July, 
August,  and  September. 

2.  If  from  any  cause  the  annual  meeting  shall  not  have  been 
duly  notified  or  held  as  above  required,  the  same  shall  be  notified  and 
held  at  such  time  as  the  Executive  Committee  may  direct. 

3.  A  special  meeting  of  the  Society  may  at  any  time  be  called  by 
the  Secretary  on  a  written  request  of  ten  members.  Twelve  members 
of  the  Society  shall  constitute  a  quorum  for  the  transaction  of  business. 

Sect.  VI.  —  Members  and  Their  Election. 

1.  Members  of  the  Society  of  Arts  shall  be  of  three  kinds -^ 
Associate,  Corresponding,  and  Honorary  Members. 

2.  Candidates  for  Associate  Membership  shall  be  recommended  by 
not  less  than  two  members,  whose  signatures  shall  be  affixed  to  a  writ- 
ten or  printed  form  to  that  effect.  Each  nomination  shall  be  referred 
to  the  Executive  Committee,  and  when  reported  favorably  upon  by 
them,  and  read  by  the  Secretary,  may  be  acted  upon  at  the  same 
meeting;  the  election  shall  be  conducted  by  ballot,  and  affirmative 
votes  to  the  number  of  three  fourths  of  the  votes  cast  shall  be  neces- 
sary for  an  election. 

3.  Corresponding  and  Honorary  Members  may  be  elected  in  the 
same  way,  on  nomination  by  the  Executive  Committee. 

4.  Associate  Members  shall  pay  an  admission  fee  of  three  dollars 
before  being  entitled  to  the  privileges  of  membership,  and  an  annual 
assessment  of  three  dollars  on  the  first  of  October  of  each  year,  this 
sum  to  include  subscription  to  the  Technology  Quarterly  and  Proceed- 
ings of  the  Society  of  Arts, 

An  Associate  Member  who  shall  have  paid  at  any  one  time  the 
sum  of  fifty  dollars,  or  annual  assessments  for  twenty  years,  shall 
become  a  member  for  life,  and  be  thereafter  exempted  from  annual 
assessments. 
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A  member  neglecting  to  pay  his  annual  assessment  foi  six  months 
after  being  notified  that  the  same  is  due  shall  be  regarded  as  having 
withdrawn  his  membership,  unless  otherwise  decided  by  the  Execu- 
tive Committee,  which  shall  be  authorized,  for  cause  shown,  to  remit 
the  assessments  for  any  one  year ;  and  which  shall  moreover  be  em- 
powered to  exempt  particular  members  from  assessments  whenever 
their  claims  and  the  interests  of  the  Society  make  it  proper  to  do  so. 

Sect.  VII.  —  Election  of  the  Executive  Committee  and  of 

THE  Secretary. 

1.  At  an  ordinary  meeting  of  the  Society,  preceding  the  annual 
meeting,  a  nominating  committee  of  five  shall  be  chosen,  whose  duty 
it  shall  be  to  nominate  candidates  for  the  Executive  Committee,  to  post 
a  list  of  the  names  selected  in  the  office  of  the  Secretary,  and  to  fur- 
nish printed  copies  thereof  to  the  members  at  or  before  the  time  of 
election. 

2.  At  a  meeting  at  which  an  election  is  to  take  place  the  presiding 
officer  shall  appoint  a  committee  to  collect  and  count  the  votes  and 
report  the  names  and  the  number  of  votes  for  each  candidate,  where- 
upon he  shall  announce  the  same  to  the  meeting. 

3.  A  majority  of  the  votes  cast  shall  be  necessary  to  an  election. 

4.  In  the  first  organization  under  these  By-Laws,  the  Executive 
Committee  may  be  elected  at  an  ordinary  or  special  meeting. 

5.  Vacancies  in  the  committee  occurring  during  the  year  may  be 
filled  by  the  Society  at  an  ordinary  meeting. 

6.  The  Secretary  shall  be  elected  by  the  Society,  on  nomination 
by  the  Executive  Committee,  at  each  annual  meeting  of  the  Society, 
or,  in  case  of  a  vacancy  during  the  session,  at  such  other  time  as  the 
Executive  Committee  may  appoint ;  and  he  shall  be  reeligible  in  the 
same  way  at  the  pleasure  of  the  Society. 

7.  The  compensation  of  the  Secretary  shall  be  fixed  from  year  to 
year  by  the  Executive  Committee  with  the  concurrence  of  the  Treas- 
urer of  the  Institute. 

Sect.  VIII.  —  Committees  of  Arts. 

I.  The  Members  of  the  Society  of  Arts  may  be  enrolled  in  divi- 
sions,  under  the  following  heads,  according  to  the  taste  or  preference  of 
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the  individual ;  each  division  to  constitute  a  committee  upon  the  sub- 
jects to  which  it  appertains  : 

(i)  On  Mineral  Materials,  Mining,  and  the  Manufacture  of  Iron, 
Copper,  and  other  Metals. 

(2)  On  Organic  Materials  —  their  culture  and  preparation. 

(3)  On  Tools  and  Implements. 

(4)  On  Machinery  and  Motive  Powers. 

(5)  On  Textile  Manufactures. 

(6)  On  Manufactures  of  Wood,  Leather,  Paper,  India  Rubber,  and 
Gutta  Percha. 

(7)  On  Pottery,  Glass,  Jewelry,  and  works  in  the  Precious  Metals. 

(8)  On  Chemical  Products  and  Processes. 

(9)  On  Household  Economy ;  including  Warming,  Illumination, 
Water-Supply,  Drainage,  Ventilation,  and  the  Preparation  and  Preser- 
vation of  Food. 

(10)  On  Engineering,  Architecture,  and  Ship-building. 

(I  i)  On  Commerce,  Marine  Navigation,  and  Inland  Transporta- 
tion. 

(12)  On  Agriculture  and  Rural  Affairs.   . 

(13)  On  the  Graphic  and  Fine  Arts. 

(14)  On  Ordnance,  Firearms,  and  Military  Equipments. 

(15)  On  Physical  Apparatus. 

2.  Any  member  may  belong  to  more  than  one  of  the  above-named 
Committees  of  Arts,  but  shall  not  at  the  same  time  be  eligible  as  chair- 
man in  more  than  one. 

3.  It  shall  be  competent  for  each  Committee  of  Arts,  of  ten  or 
more  members  entitled  to  vote,  to  organize ;  to  ^lect  annually  in  Octo- 
ber, or  whenever  a  vacancy  shall  occur,  a  chairman ;  to  appoint  its  own 
meetings ;  and  to  frame  its  own  By-Laws,  provided  the  same  do  not 
conflict  with  the  regulations  of  the  Society  of  Arts. 

Sect.  IX.  —  Amendment  and  Repeal. 

I.  These  By-Laws  may  be  amended  or  repealed,  or  other  pro- 
visions added,  by  a  vote  of  three  fourths  of  the  members  present  at 
any  regular  meeting  of  the  Society ;  provided  that  such  changes  shall 
have  been  recommended  and  approved  in  accordance  with  the  By-Laws 
of   the   Corporation    (see   extract   from    By-Laws   of   Corporation   as 
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printed  below)  and   presented  in  writing  at  a  preceding  meeting  of 
the  Society. 

2.  These  By-Laws  shall  take  effect  immediately  after  their  ap- 
proval by  the  Corporation  and  adoption  by  the  Society,  and  all  previous 
By-Laws  are  hereby  repealed. 

As  amended  December  p,  iSg^, 

Extract  from  the  By-Laws  of  the  Corporation. 

Sect.  VI. — There  shall  be  a  Committee  on  the  Society  of  Arts 
consisting  of  five  members,  appointed  at  the  annual  meeting  of  the 
Corporation,  to  hold  office  for  one  year,  who  shall  have  the  general 
charge  and  supervision  of  the  organization  and  proceedings  of  the 
Society,  subject  to  the  approval  of  the  Corporation.  It  shall  be  their 
duty,  in  connection  with  a  committee  chosen  by  the  Society,  to  frame 
By-Laws  for  the  government  of  the  Society,  which  shall  take  effect 
when  adopted  by  the  Society  and  approved  by  the  Corporation. 

February^  iBg^, 
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Boston,  October  11,  1900. 

The  542d  regular  meeting  of  the  Society  of  Arts  was  held  on 
this  day  at  8  p.m.,  in  Room  22,  Walker  Building,  Mr.  George  W.  Blod- 
gett  presiding.  Two  hundred  and  seventy-five  persons  were  present. 
The  records  of  the  Annual  Meeting  for  the  year  1899- 1900  were 
read  and  approved.  Messrs.  C.  B.  Beasom  and  Franklin  H.  Davis, 
graduates  of  the  Institute,  were  elected  to  Associate  Membership. 
There  being  no  further  business,  the  Chairman  introduced  Mr.  Louis 
Derr,  Instructor  in  Physics  at  the  Institute,  who  addressed  the  Soci- 
ety on  "  Color  Photography  " 

The  speaker  referred  to  the  well-known  differences  in  the  colors 
produced  by  the  mixture  of  pigments  and  by  the  mixture  of  colored 
light.  In  the  latter  case  the  three  primary  sensations,  or  colors,  are 
red,  green,  and  violet,  and  by  their  proper  combination  the  sensation 
of  white  or  any  known  color  may  be  produced.  This  forms  the 
underlying  principle  of  the  Ives  process  for  the  reproduction  of 
natural  color  effects.  A  lantern  is  provided  with  three  sets  of  lenses, 
which  transmit  light  respectively  through  three  colored  glasses,  red, 
green,  and  blue-violet.     By  a  suitable  mechanical  device  the  three  col- 
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ored  images  overlap  on  the  screen,  and  give  a  white  image.  Three 
negatives  of  an  object  are  made  through  red,  green,  and  blue-violet 
glasses  respectively,  and  their  corresponding  positives  formed.  The 
positive  obtained  by  the  use  of  red  glass  is  placed  in  front  of  the  lens 
system  which  gives  red  light,  and  correspondingly  for  the  other  two 
positions.  Reflection  will  show  that  on  the  screen  the  original  object 
should  appear  in  the  natural  colors.  Many  beautiful  slides  were 
shown.  The  objections  to  the  process  are  the  mechanical  difficulties 
in  securing  the  correct  color  toning,  and  the  cost  and  labor  of  obtain- 
ing satisfactory  positives.     The  Ives  Kromoskope  was  also  explained. 

The  second  process  described  was  one  suggested  by  Professor  Joly, 
of  Dublin.  It  depends  upon  the  theory  of  color  mixtures,  and  the  fact 
that  the  eye  is  unable  to  differentiate  objects  whose  visual  angle  is  less 
than  I  minute  of  arc.  A  plate  of  glass  is  ruled  in  succession  with 
red,  green,  and  blue-violet  lines  to  the  number  of  80  each  to  the  inch. 
An  object  is  photographed  through  such  a  plate,  the  positive  formed, 
and  the  latter  is  viewed  through  the  original  test  plate,  using  white 
light  as  the  source  of  illumination.  The  Joly  process  is  essentially 
the  Ives  process  reduced  to  the  formation  of  the  three-colored  posi- 
tives on  one  plate. 

McDonough,  of  Chicago,  has  succeeded  in  ruling  plates  with  100 
sets  of  lines  to  the  inch,  thus  securing  a  more  perfect  color  reproduc- 
tion of  the  small  details  of  an  object.  Certainly  the  Joly-McDonough 
process  gives  most  satisfactory  and  true  reproduction  in  color,  if  the 
slides  which  were  shown  are  to  serve  as  a  criterion. 

The  last  view  which  was  shown,  was  one  taken  by  the  Lippmann 
process.  This  process  is  most  interesting,  since  it  is  based  on  the 
interference  of  light,  and  gives  a  "true  color  photograph."  By  none 
of  the  processes  is  direct  color  printing  possible.  They  merely  offer 
a  means  of  securing  transparent  positives  in  color. 

The  thanks  of  the  Society  were  extended  to  Mr.  Derr  for  his  most 
entertaining  and  instructive  lecture. 


Boston,  October  25,  1900. 

The  543d  regular  meeting  of  the  Society  of  Arts  was  held  on 
this  day  at  8  p.m.,  in  the  Rogers  Building,  Mr.  Desmond  FitzGerald 
presiding.      Seventy-two  persons  were  present.      The  records  of  the 
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previous  meeting  were  read  and  approved.  The  following  were 
elected  to  Associate  Membership :  Dr.  William  H.  Walker,  Chemist ; 
Mr.  E.  M.  Fisher,  of  the  Associated  Press ;  Mr.  H.  P.  Quick,  with 
the  Boston  Elevated  Railroad. 

At  the  conclusion  of  the  business  portion  of  the  meeting,  Profes- 
sor Wallace  C.  Sabine,  of  Harvard  University,  was  introduced,  and 
addressed  the  Society  on  "  Some  Experiments  in  Architectural  Acous- 
tics," limiting  his  remarks  to  those  experiments  which  may  be  classi- 
fied under  the  head  of  "Reverberation."  A  synopsis  of  the  lecture 
will  not  be  given  as  Professor  Sabine  has  kindly  presented  his  mono- 
graph on  Reverberation  to  the  Society. 

As  a  piece  of  original  research  of  unusual  merit  and  value,  the 
investigations  on  Architectural  Acoustics,  carried  on  by  Professor 
Sabine  during  the  last  five  years,  are  deserving  of  the  highest  com- 
mendation. For  those  present  it  was  most  interesting  and  instructive 
to  learn  of  the  earlier  experiments,  and  to  see  how  they  led  to  more 
extensive  and  far-reaching  investigations,  ultimately  resulting  in  a  sat- 
isfactory and  complete  solution  of  the  problem. 

The  thanks  of  the  Society  were  most  heartily  extended  to  Profes- 
sor Sabine  for  his  valuable  address. 


Boston,  November  8,  1900. 

The  544th  regular  meeting  of  the  Society  of  Arts  was  held  on 
this  day  at  the  usual  hour  in  the  Walker  Building.  One  hundred  and 
thirty-five  persons  were  present. 

The  following  gentlemen  were  elected  to  Associate  Membership : 
Mr.  Olof  Ohlson,  Assistant  Superintendent  of  Waltham  Watch  Fac- 
tory ;  Mr.  S.  W.  Wilder,  Jr.,  Manager  of  the  Merrimac  Chemical  Com- 
pany ;  Mr.  Edgar  M.  Hawkins,  Mechanical  Engineer,  and  Mr.  J.  E. 
Woodwell,  Inspector  of  Electric  Lights,  Treasury  Department,  Wash- 
ington. 

There  being  no  further  business,  the  Society  was  privileged  to  listen 
to  a  most  interesting  lecture  by  Dr.  Henry  S.  Pritchett,  President  of 
the  Institute  of  Technology  and  of  the  Society,  on  "  America's  Contri- 
bution to  our  Knowledge  of  the  Size  and  Figure  of  the  Earth."  The 
lecture  had  particular  reference  to  the  magnificent  work  which  has  been 
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done  by  the  United  States  Coast  and  Geodetic  Survey  on  the  measure- 
ment of  an  arc  of  the  39th  parallel,  extending  from  Cape  May  Light- 
house to  Punta  Arenas  in  California,  a  distance  of  4,224  kilometers. 
These  measurements  were  begun  in  1871,  at  the  suggestion  of 
Professor  Benjamin  Peirce,  and  completed  in  1898,  during  the  admin- 
istration of  Dr.  Pritchett  as  Superintendent  of  the  Coast  and  Geodetic 
Survey. 

The  main  discussion  of  the  figure  of  the  earth  rests  upon  the  meas- 
urements of  three  arcs  of  meridian ;  one  in  Peru,  one  in  Finland,  and 
a  third  near  the  Cape  of  Good  Hope.  The  Peruvian  arc,  determined 
in  1735,  has  remained  as  a  standard  in  all  geodetic  work.  Owing  to  the 
demand  for  its  accurate  remeasurement,  the  French  Government  has 
arranged  to  send  an  expedition  in  the  Spring,  which  will  remeasure  the 
old  arc  and  extend  its  length. 

The  39th  parallel  was  chosen  by  the  United  States  Government  as 
forming  the  longest  line  running  east  and  west  in  the  United  States. 
The  methods  used  in  the  base-line  measurements,^  as  well  as  the  proce- 
dure of  triangulation  were  carefully  described.  Reference  was  also  made 
to  the  improvements  which  had  been  made  in  instruments  for  measuring 
latitude,  longitude,  and  altitude  with  the  requirements  of  the  survey. 
It  should  not  be  forgotten  that  the  measurements  were  made  over 
mountain  ranges,  in  most  inaccessible  regions,  at  great  risk  to  life,  and 
testify  to  the  courage  and  perseverance  of  the  men  engaged  in  the 
undertaking.  Their  reward  lies  in  the  knowledge  that  this  arc  is  the 
longest  ever  measured  with  accuracy  on  the  earth's  surface,  and  gives 
to  the  earth  the  same  figure  as  that  determined  from  smaller  arcs  meas- 
ured in  Europe  and  Asia ;  agreeing  with  the  spheroid  as  calculated  by 
Captain  Clark  in   1880. 

Besides  the  determination  of  the  earth's  figure,  this  arc  of  the  39th 
parallel  is  most  valuable  as  a  connecting  link  between  the  surveys  of  the 
Atlantic  and  Pacific  Coasts,  and,  since  it  passes  through  sixteen  states, 
serves  as  a  sort  of  primary  reference  survey  for  all  these  states. 

The  thanks  of  the  Society  were  tendered  to  Dr.  Pritchett  by  Pro- 
fessor Swain  on  behalf  of  the  Society. 


'  An  article  on  An  Improvement  in  the  Base -Line  Measuring  Apparatus,  by  Professor 
A.  £.  Burton,  with  a  description  of  a  successful  test  of  it  by  the  United  States  Coast  and 
Geodetic  Survey,  is  in  the  hands  of  the  Editor  and  will  appear  in  the  next  issue  of  this 
journal. 
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Boston,  November  22,  1900. 

The  545th  regular  meeting  of  the  Society  of  Arts  was  held  on 
this  day  in  the  Rogers  Building,  at  8  p.m.,  Mr.  George  W.  Blodgett  pre- 
siding. Seventy-five  persons  were  present.  Messrs.  Howard  D.  Coburn 
and  Arthur  G.  Woodman  were  elected  to  Associate  Membership. 

At  the  conclusion  of  the  business  part  of  the  meeting,  the  speaker 
of  the  evening,  Professor  W.  W.  Crosby,  Principal  of  the  Lowell  Tex- 
tile School,  was  introduced  and  spoke  on  "Applied  Science  in  the 
Textile  World."  After  a  most  interesting  statement  of  the  need  and 
advantage  of  science  as  applied  to  industries  of  all  kinds,  the  speaker 
referred  to  the  primitive  methods  used  in  the  earher  textile  industries, 
and  compared  them  with  the  modern  methods.  The  wonderfully  ingen- 
ious machines  for  spinning  and  weaving,  among  them  the  car^,  mule, 
ordinary  and  Jacquard  looms  were  explained. 

A  short  reference  was  made  to  the  aim  of  the  Lowell  Textile 
School,  and  many  slides  were  shown  illustrative  of  the  splendid  equip- 
ment which  the  school  possesses. 

The  thanks  of  the  Society  were  tendered  the  speaker,  after  which 
the  meeting  adjourned. 


Boston,  December   13,  1900. 

The  546th  regular  meeting  of  the  Society  of  Arts  was  held  on 
this  day  at  the  Institute,  Rogers  Building,  at  8  p.m.,  Mr.  James  P.  Mun- 
roe  presiding.  One  hundred  and  fifteen  persons  were  present.  After  the 
reading  and  adoption  of  the  report  of  the  previous  meeting,  Mr.  Guy 
Lowell,  Architect,  addressed  the  Society  on  "  Landscape  Architecture 
in  this  Country." 

The  history  of  landscape  architecture  dates  back  many  years  before 
the  Christian  era  ;  indeed,  descriptions  of  Egyptian  gardens  as  far  back 
as  1500  B.C.  are  mentioned  in  hieroglyphics.  The  art  of  gardening  con- 
tinued during  the  Roman  Empire,  but  gradually  died  out.  During  the 
Renaissance,  an  awakening  took  place  which  has  grown  in  its  influence, 
especially  since  the  beginning  of  the  Seventeenth  Century,  when  the 
Italian  gardens  became  so  famous.  These  gardens  were  laid  out  with 
geometrical  regularity,  adorned  with  statuary,  native  plants  and  trees. 
The  terraces  were  their  chief  characteristics. 
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The  French  gardens  were  similar  to  the  Italian  gardens  in  the  formal- 
ity of  lines  and  geometrical  curves.  During  the  reign  of .  Louis  XIV, 
some  of  the  most  famous  gardens  of  France  were  constructed.  These 
were  usually  free  from  terraces,  but  remarkable  for  long  vistas,  and  pro- 
fusion of  arches,  fountains,  and  grottoes. 

With  the  spread  of  gardens  through  Europe,  the  "Formal"  style 
of  the  ancients  gradually  yielded  to  conditions  of  climate  and  vegeta- 
tion. In  England,  Kent  abandoned  the  steep  terraces  and  straight 
lines,  substituting  flowing  lines,  slopes,  pleasing  curves,  irregularity  in 
the  arrangement  of  trees  and  shrubs. 

The  speaker  emphasized  that  specific  rules  cannot  be  laid  down  in 
landscape  architecture ;  the  climate,  character  of  land,  and  architecture 
must  dominate  the  style.  In  this  country  the  "  Formal  '*  gardens  will 
doubtless  be  supplanted  by  gardens  in  which  the  wonderful  richness  and 
beauty  of  nature  will  be  seen  in  all  its  glory.  Untrimmed  trees  and  flow- 
ering shrubs  will  be  the  principal  features. 

The  thanks  of  the  Society  were  extended  to  the  speaker. 

George  V.  Wendell,  Secretary. 


The  Eclipse  Expedition  of  the  Creighton   University, 


THE  ECLIPSE  EXPEDTTTON  OF  THE   CREIGHTON  UNI- 
VERSITY TO    WASHINGTON,  GEORGIA. 

By  WILLIAM  F.   RIGGE.  S.J. 

Creighton  University  has  contributed  its  share  towards  the  scien- 
tific observation  of  the  total  solar  eclipse  of  May  28,  1900,  so  far  as 
its  means  and  circumstances  permitted.  As  this  great  event  occurred 
toward  the  end  of  the  college  year  when  its  professors  were  unusually 
occupied  with  class  duties  and  examinations,  the  Professor  of  Astron- 
omy, the  writer  of  the  present  account,  was  the  only  one  who  could 
be  devoted  to  the  work.  Having  invited  the  Professors  of  Astronomy 
of  sister  colleges  to  participate  in  the  noble  cause,  Rev.  Charles  Char- 
roppin,  S.J.,  and  Professor  Aloysius  Frumveller,  S.J.,  of  St.  Louis  Uni- 
versity, St.  Louis,  Missouri,  and  Professor  William  P.  Quinlan,  S.J., 
of  St.  Xavier  College,  Cincinnati,  Ohio,  recognizing  Creighton's  initia- 
tive and  its  judicious  selection  of  the  site,  freely  offered  a  hearty  cooper- 
ation. Washington,  Georgia,  was  chosen  as  the  place  of  observation, 
and  the  elegant  little  pastoral  cottage  attached  to  the  St.  Joseph's 
Academy  and  Orphanage,  the  occupant  of  which  had  just  died  in  a 
hospital  in  Baltimore,  was  placed  at  our  entire  disposal,  and  every  facil- 
ity was  offered  for  our  work. 

The  observatory  of  Creighton  University,  at  Omaha,  Nebraska, 
while  surpassed  but  by  few  students*  observatories  in  the  country,  is 
not  equipped  with  special  eclipse  instruments.  Its  5 -inch  Steward  equa- 
torial, its  3-inch  Fauth  transit  and  meridian  circle  reading  to  tenths  of 
a  second,  with  its  chronograph  and  its  Howard  mean  time  and  Fauth 
sidereal  clocks,  are  not  portable,  and  as  time  and  means  were  limited, 
their  transportation  and  remounting  were  out  of  the  question.  The 
writer  therefore  had  to  content  himself  with  an  excellent  chronometer 
and  a  3-inch  telescope  with  a  tripod  and  an  ordinary  altazimuth  mount- 
ing. But  with  this  comparatively  meager  instrumental  outfit,  he  was 
determined  to  do  his  best.  To  do  work  of  real  service  to  astronomical 
science,  he  further  restricted  himself  exclusively  to  the  observation  of 
the  four  contacts.     Then,  as  a  professor  of  astronomy,  he  devoted  the 
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rest  of  his  energy  to  the  visual  observation  of  the  corona  and  other 
phenomena  of  the  ecHpse.  The  other  members  of  the  party  had 
mounted  six  cameras  upon  one  support,  and  were  intent  upon  the 
photographic  reproduction  of  the  corona. 


Station. 

Upon  the  grounds  of  the  St.  Joseph *s  Orphanage  and  Academy  at 
the  western  end  of  Washington,  Georgia,  there  are  four  main  buildings 
connected  by  a  private  walk.  Of  these  the  Orphanage  is  at  the  north- 
ern end,  the  little  cottage  which  served  as  our  headquarters  is  next,  then 
comes  the  Catholic  church,  and  lastly  the  Academy  at  the  southern  end. 
While  the  rest  of  my  party  had  erected  their  cameras  in  front,  or  east 
of  the  cottage,  I  took  up  my  station  on  the  walk  halfway  between  the 
church  and  the  residence,  where,  as  I  had  planned,  I  was  absolutely 
alone  and  entirely  unbiased  by  the  doings  of  others.  Afterwards,  when 
I  realized  that  my  observations  were  better  than  I  had  anticipated,  I  en- 
gaged Mr.  Wiley  G.  Tatom,  the  Surveyor  of  Wilkes  County,  to  connect 
my  station  with  that  of  the  Massachusetts  Institute  of  Technology  at 
the  southern  end  of  the  town.  Under  date  of  June  22,  1900,  he  sent 
me  the  following  field  notes  :  » 


1 

S. 

Bearings. 
66° 

E. 

Distances. 
Chains. 

5.00 

2 

S. 

86i'' 

E. 

43.60 

3 

S. 

5^ 

W. 

28.00 

4 

s. 

60° 

E. 

7.30 

The  departures  and  differences  of  latitude  are  as  follows,  the  dis- 
tances being  expressed  in  feet : 


Bearings. 

Distances 

N. 

■  •  •  • 

S. 

E. 

W. 

1 

S.    660    E. 

330 

134 

302 

•  ■  •  • 

2 

S.   86J°E. 

2,878 

■  •  •  • 

176 

2,872 

•  •  •  • 

3 

S.    .s°   W. 

1,848 

•  •  •  « 

1,841 

•  •  •  • 

161 

4 

S.  60^    E. 

482 

ft 

•  •  •  • 

241 

417 
3,591 

2,392 

161 

2,392 

161 

3.430 
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According  to  the  Smithsonian  Geographical  Tables,  1 894,  these  dis- 
tances are  equivalent  to  23.7"  and  2.7 u.  respectively.     Hence 

Latitudr.  Longitude. 

Massachusetts  Institute  of  Technology 33®    43'    49''  5^.     30fri.     56.2j. 

Reduction    ' +  23/7  +  2  7^ 

Creighton  University 33°    44'    13''  Sh.    30m.    589.. 

The  Station  of  the  Massachusetts  Institute  of  Technology  was  there- 
fore 4,i8o  feet  S.  55°  f  E.  of  that  of  the  Creighton  University. 


• 


The  Method  of  Observation. 

The  internal  contacts  were  observed  with  the  naked  eye.  The 
external  contacts  were  observed  by  projecting  the  sun's  image  upon  a 
white  screen  secured  by  two  light  wooden  rods  beyond  the  eye-piece  of 
the  3-inch  telescope  (see  Figure  i).  I  prefer  this  way  of  observing  the 
sun  to  the  more  usual  direct-vision  method  by  means  of  a  sunshade  or 
helioscope,  because  the  projection  method  does  away  with  the  heat  and 
glare  of  the  sun,  admits  of  the  use  of  both  eyes  and  of  any  desirable 
magnifying  power,  is  equal,  if  not  superior  in  accuracy  of  observation, 
and  especially  because  it  enables  the  observer  to  mark  the  point  of  first 
contact  upon  the  screen  and  thus  obtain  the  advantages  of  a  position' 
micrometer  from  a  telescope  of  the  most  ordinary  construction  and 
mounting. 

Thp  Chronometer.  .  »      . 

The  chronometer  was  the  box  chronometer  without  its  box,  H.  H. 
Heinrich,  No.  502,  beating  half  seconds.  It  kept  central,  or  90th  me- 
ridian, time.  The  correction  and  rate  were  obtained  from  the  75th 
meridian  noon  signals  at  the  railroad  depot,  which  was  at  about  a  five 
minutes*  walk  from  our  cottage.  As  the  signals  were  less  than  a  tenth 
of  a  second  in  error,  being  0.04^.  late  on  May  26,  and  0.02^.  fast  on 
May  28,  their  correction  has  been  neglected.  The  chronometer  cor- 
rections were  as  follows : 

May  26,  1900 +     Im.       l.2s. 

May  28,  1900 +    0        47.0 

Hence  the  rate  was  7.IJ.  a  day  gaining,  or  0.3J.  in  one  hour. 


The  Eclipse  Expedition  of  the  Creighton   University, 


II 


THE  TIMES  OF  THE  CONTACTS. 


I. 

II. 

III. 

IV. 

Chronometer  face  .... 

h. 
6 

m.       s. 

32    30 

k.      m.       s. 

7     40     2 

k 

7 

fH.          *. 

41    28 

h. 
8 

9§t.         S 

58    31 

Correction  at  11^.       .     .     . 

+ 

47.0 

+           47.0 

+ 

47.0 

+ 

47.0 

Rate  to  observed  time    .     . 

+ 

13 

4-             1.0 

+ 

1.0 

+ 

0.6 

Central  times 

6 

33    18  3 

7     40    500 

7 

42    16.0 

8 

59    18  6 

Comparison  of  Computed  and  Observed  Times. 

In  preparation  for  the  eclipse,  the  erroneous  values  of  33°  40'  46" 
for  the  latitude,  and  5//.  30W.  49.5^,  for  the  longitude,  as  measured  from 
the  government  eclipse  map,  had  been  used.  As  soon  as  the  true  co- 
ordinates of  my  position  became  known  to  me,  I  recomputed  the  times 
of  the  phases  and  obtained  the  following  results : 


C«ntnl  Time. 

I.  . 

II. 

in. 

IV. 

Computed 

Observed 

A. 

6 
6 

m.        s. 

33    170 
33    18.3 

k. 

7 

7 

m.        s. 

40    57.1 
40    50.0 

A. 

7 
7 

m.        $. 

42    23  0 

42    16.0 

k. 
8 

8 

m.        s. 

59    298 
59    186 

Computed  —  Observed  .    . 

— 

1.3 

4- 

7.1 

+ 

70 

-f 

112 

Central  Time. 

Mid  ToUlity. 

Duration  of  Totality,  i  Duration  of  Whole  Eclipse. 

Computed 

Observed 

h.       M.          t, 

7     41    40.0 
7     41    33  0 

1        25.9 
1        26  0 

A          m.          s. 

2      26      12.8 
2      26        0.3 

Computed  —  Observed  .     .     . 

+              7.0 

1 
—        0.1                +               12  5 

i 

Comparison  of  Times  as  Observed  by  Creighton  University  and 
Massachusetts  Institute  of  Technology  Parties. 

A  very  interesting  and  useful  part  of  the  observations  of  the  con- 
tacts in  an  eclipse  is  the  comparison  of  the  times  as  observed  by 
different  parties.     It  was  only  on  November  23,   1900,  that  a  reprint 
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from  the  Technology  Quarterly^  Vol.  XIII,  No.  3,  September,  1900, 
containing  the  account  of  the  "  Eclipse  Expedition  of  the  Massachusetts 
Institute  of  Technology  to  Washington,  Georgia,"  came  into  my  hands. 
It  had  been  kindly  sent  to  me  by  Mr.  G.  L.  Hosmer.  As  soon  as  I  saw 
the  observed  times  of  the  phases,  I  set  to  work  at  once  to  compare  them 
with  my  own.  For  this  purpose  a  reduction  had  to  be  computed  which 
would  make  the  observations  at  both  stations  comparable  with  one 
another.  As  this  computation  involved  a  considerable  amount  of  labor, 
I  thought  a  somewhat  extended  explanation  of  my  method  would  be 
acceptable  to  the  readers  of  this  journal.  I  shall  try  to  be  brief  without 
being  obscure. 

Reduction  of  the  Times  of  the  Exterior  Contacts. 

For  the  external  contacts  sufficient  accuracy  is  secured  by  measur- 
ing the  direction  of  the  tangent  to  the  moon's  penumbra  as  given  for 
every  two-and-a-half  minutes  for  the  beginning,  and  every  five  minutes 
for  the  end  of  the  eclipse,  on  the  government  map  in  the  supplement  to 
the  American  Ephcmeris^  1900,  and  then  supposing  the  direction  of 
the  penumbral  motion  to  be  at  right  angles  to  this  tangent.  The  veloc- 
ity was  obtained  by  measuring  the  number  of  miles  run  in  a  minute,  or 
the  number  of  feet  run  in  a  second,  on  either  side  of  Washington  on 
the  map.     This  gave  the  following  results : 

Penumbral  front  moved  3,942  feet  a  second  from  S.  14°  W. 
Penumbral  rear  moved  2,587  feet  a  second  from  S.  53*^  W. 

Figure  2  represents  the  comparative  location  of  the  two  observing 
stations  and  the  direction  of  motion  of  the  moon's  penumbra  at  the 
external  contacts.  It  will  be  seen  that  the  first  contact  occurred  0.38^. 
sooner,  and  the  fourth  contact  0.50^.  later,  at  the  Massachusetts  Insti- 
tute of  Technology  station  than  at  the  Creighton  University  station. 
Hence  the  correction  to  the  observed  M.  I.  T.  (Massachusetts  Institute 
of  Technology)  times  is  +  0.4^.  and  —  0.5^.  respectively,  to  reduce 
them  to  the  C.  U.  (Creighton  University)  station. 

■ 

Reduction  of  the  Times  of  the  Interior  Contacts. 

There  are,  in  general,  two  kinds  of  solutions,  according  as  the 
Fundamental  Plane  or  the  Washington  Horizontal  Plane  is  taken  as 
the  basis  of  computation. 
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Fig.  2.  —  Comparative  Location  ok  the  Eclipse  Stations. 


/.  The  Fundamental  Plane,  —  The  Fundamental  Plane  is  the 
plane,  at  right  angles  to  the  sun's  rays,  passing  through  Washington  or 
the  centre  of  the  earth  .^  Figure  3  represents  the  shadow  circle  upon 
this  plane  with  its  radius  equal  to  0.00543  at  the  assumed  instant  of 
Greenwich  time,  \h.  41.6m.,  or  7//.  41m.  36.0^".,  a.m..  Central  time.  O  is 
the  centre  of  this  circle,  C  is  the  position  of  the  Creighton  University 
station,  M  that  of  the  Massachusetts  Institute  of  Technology,  G  H  and 
P  Q  are  the  shadow  chords  which  swept  over  the  stations  with  F  and  K 
as  their  middle  points.  The  little  dot  close  to  the  centre  of  the  shadow 
circle  is  the  position  of  Washington  as  given  on  the  eclipse  map.  The 
radii  marked  a,  by  a\  b\  in  parentheses,  will  be  referred  to  afterwards. 
The  numerical  values  of  some  of  the  quantities  for  both  stations  are  as 
follows,  the  notation  of  the  American  Ephemeris  being  used  through- 
out : 


'  This  is  not,  strictly  speaking,  the  Besselian  Fundamental  Plane  used  in  the  computation 
of  eclipses,  since  the  latter  is  normal  to  the  line  joining  the  centres  of  the  sun  and  moon 
instead  of  the  centres  of  the  sun  and  earthy  but  as  the  angle  between  these  two  planes 
was  only  6.6^'  at  mid-totality,  the  difference  between  them  is  too  small  to  affect  my  present 
purpose. 
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Fig.  3. — The  Shadow  Circle  upon  the  Fundamental  Plane. 


Creighton  University. 

Massachusetts  Institute  of  Technology. 

x  —  i 
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n 
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« 

t 

11°  49'  40" 
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The  remaining  quantities  and  the  reductions  will  be  given  later  on. 

//.  T/ie  Washington  Horizontal  Plane.  —  i .  Upon  this  plane  the 
outline  of  the  moon's  shadow  is  an  ellipse.  The  semi-minor  axis,  b,  on 
Figure  4,  is  the  same  as  the  radius  of  the  shadow  circle  on  the  Funda- 
mental Plane  {b),  on  Figure  3,  and  equal  to  0.00543  in  terms  of  the 
earth's  equatorial  radius  as  unity,  or  21.560  miles.  The  semi-major 
axis  =z  a  =  b  sec  f  =  34.245  miles,  ?  being  the  sun's   zenith  distance. 
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The   local  azimuth   of  this   major   axis   is   evidently  that  of   the  sun 
N.  88°  31'  54"  E.     The  direction  of  motion,  a,  of  the  shadow  ellipse 


with  reference  to  the  sun's  azimuth,  may  be  found  from  the  formula 

tan  a  =  cos  f  tan  ^, 

in  which  0  =  180''  —  (.V+  q)  =  40°  25'  44''    (see    Figure  3)    is    the 
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angle  between  the  direction  of  motion  of  the  shadow  on  the  Funda- 
mental Plane  with  reference  to  the  sun,  N  is  the  Ephemeris  -.V,  and  q  is 
the  sun's  local  parallactic  angle.  This  gives  the  azimuth  of  the  shadow 
advance  =  S.  60°  19'  24"  W. 

The  diameter  of  the  ellipse,  2^',  which  lies  in  the  direction  of  its 
motion  upon  the  ground,  has  evidently  for  its  conjugate  the  line  of  mid- 
totality,  2^'.  As  these  diameters  of  the  ellipse  are  brought  up  from  the 
Fundamental  Plane  where  they  are  at  right  angles  to  one  another  (see 
Figure  3,  where  they  are  marked  in  parentheses),  we  find  their  constants 
to  be  a!  •=^  b  sin  0  cosec  a  =  29.5 12  miles, 

b  -=■  b  cos  6  cosec  a'  =  27.614  miles, 
the  angle  between  them  =  7  =  1 15°  19'  37", 
in  inclination  of  a'  to  ^  ^  a  =    28°  12'  30", 
and  of  <J'  to  ^  =  /8  =  143°  32'    7". 

The  velocity  of  the  shadow,  z;,  is  2a!  divided  by  the  duration   of 

totality  upon  the  central  line,  that  is,  v  = =  0.67413  mile  or 

43 'So^. 

3,559  feet  a  second. 

As  all  right  lines  parallel  to  a!  and  b^  are  projected  from  the  Funda- 
mental upon  the  Horizontal  Plane  in  corresponding  ratios,  we  find 
OF  =  V  sin  -^  =  5.660  miles.  Then  the  bearing  and  distance  of  C, 
the  Creighton  University  Station,  from  (9,  the  centre  of  the  shadow  at 
the  assumed  moment,  \h,  41m,  36.05.,  Greenwich  time,  together  with 
the  length  and  bearing  of  OF,  determine  the  triangle  FOC,  from  which 
we  find  7^^=2.6563  miles  which  are  run  by  the  shadow  in  3.94J. 
This,  therefore,  is  the  correction  to  the  assumed  time  of  mid-totality. 
GF=  a'  cos  y^  =  28.952  miles,  and  is  run  in  42.948J.,  thus  giving  the 
instants  of  the  beginning  and  end  of  totality  at  the  Creighton  station. 

In  investigating  the  position  of  the  Massachusetts  Institute  of  Tech- 
nology station,  we  find  the  line  CAf  practically  parallel  to  FO,  the 
divergence  being  only  o®  6'  25",  showing  that  the  moments  of  mid- 
totality  were  identical  at  both  stations.  The  distance  of  M  from  C 
being  subtracted  from  FO  and  yielding  KO,  the  equation  of  the  ellipse 
gives  us  PK  =  29.117  miles  run  in  43.1935.  The  further  results  will 
be  seen  later. 

In  this  method,  as  well  as  in  all  the  others,  the  dimensions,  velocity 
and  direction  of  the  shadow  ellipse  may  be  assumed  to  remain  constant 
for  one  minute  without  introducing  any  sensible  error  into  the  com- 
putation. 
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2.  Another  method  of  examining  the  instantaneous  constants  of 
the  shadow  ellipse  is  to  determine  the  lengths  and  inclinations  of  the 
conjugate  diameters  from  the  formulae 


tan  a  tan  ^  =  — 


d^ 


a!  b*  sin  7  =  ab. 
These  give  a'  =  29.62  miles, 

b'  =  27,sS  miles, 

a  =28°  12'  30", 

i8=i43°  32' 7", 

7  =  115°  19'  37", 

V  =0.67504  mile,  or  3,564  feet  a  second,  in 
which  the  angles  are  the  same  as  in  the  previous  method,  but  the  lengths 
of  the  lines  are  slightly  different. 

From  the  known  length  of  CO  and  the  angles  in  the  triangle  FOC, 
we  find  7^^=2.6758  miles  run  in  3.964J.,  and  0/^=5.7015  miles. 
The  formula  of  the  ellipse  then  gives  /^G  =  28.980  miles  run  in  42.932.^. 
Knowing  the  distance  and  bearing  of  M  from  C,  we  find  the  difference 
of  the  times  of  mid-totality  to  be  0.0024^.  Then  the  usual  equation  of 
the  ellipse  gives  KP=z  29.144  miles  run  in  43.174^. 

3.  A  third  method  consists  in  measuring  the  necessary  data  from 
the  government  eclipse  map.  The  distance  between  the  mid-totality 
lines  gives  the  velocity  of  the  shadow  equal  to  42.2  miles  per  minute,  or 
.3,712  feet  per  second,  and  its  direction  as  from  S  60°  W.  As  the 
duration  of  totality  on  the  central  line  was  here  iw.  27.8^.,  the  semi- 
major  axis  of  the  shadow  ellipse  was  found  to  be  z=  a' =30.25  miles. 
By  measurement  parallel  to  the  mid-totality  lines,  the  conjugate  semi- 
minor  axis  was  found  to  be  =  b'  =  26.75  miles,  and  the  angle  between 
the  axes  =  7=111°  30'.     With  these  data,  the  formulae 

a'  b'  sin  7  =  ab, 


=r^ 


c 
e=  — , 

a 


^, 


X 

cos  a  =  — 
a 


i8 
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/S  =  7  -f-  a, 
gave  a  =  33.60  miles, 

b  =22.42  miles, 
a  =  25°  30', 
/3=  137°  o'. 
4.     By  using  the  sun's  azimuth  and  the  formula 

tan  a  =  cos  f  tan  0, 
we  find  a  =    28°  23'  44'', 

/9  =  143°  19'  10'', 
7=  114°  55' 26", 
^=33-97  miles, 
d  =  21.56, 
^'  =  29.34, 
d'  =  27.53. 
The  further  reduction  of  the  results  in  these  two  last  cases  is  by  the 
same  method  as  in  the  second  solution.     But  as  measurements  on  a  map 
cannot  compete  in  accuracy  with  computed  values,  no  use  has  been  made 
of  these  results  except  as  checks  upon  the  computation. 

COMPARISON  OF  THE  RESULTS  OF  THE  METHODS  OF  REDUCTION. 


Assumed    Central    Time    of    Mid 
totality.    7A.  41m 

Time  to  run  FC  and  ArAf=  +  /g 

Mid- totality.     7//.  41iw.      .     .     . 

Time  to  run  /'(?  and  /'A'=  ±  /i 

Beginning  of  totality.   7 A.  40m.  . 

End  of  totality.    7 A.  42m.      .     . 

Reduction  of  )       j 

M.  I.  T.  to  C.  U.  J       \ 

Duration  of  totality  .     . 

Difference 


Beginning 
End     . 


Crbighton  Univsksity. 


Fttod. 
PUme. 


s. 


36  00 

4.04 
40  04 
42.95 
57.09 
22.99 


85.90 


Horizontal  Plane. 


I. 


36  00 

3.94 
39.94 
42.95 
56.99 
22.89 


85.90 


a. 


36'."00 


3.96 
39  96 
42.93 
57  03 
22  89 


85.86 


Massachusbtts  Institute  of 
Tbchnology. 


Fund. 
Plane. 


36.00 


3.87 

39.87 

43.15 

56  72 

23.02 

+0.37 
—0.03 

86.30 

-0.40 


Horizontal  Plane. 


36  00 


3.9f 

39. 9f 

43.19. 

56.75 

23.13 

-fO.24 
-0.24 


-0  48 


2. 


36.00 


3.96 

39.96 

43.17 

56,79 

23.13 

+0  24 
—0.24 


86.38        86.34 


—0.48 


The  Eclipse  Expedition  of  the  C^eighton   University , 
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As  the  American  Ephenteris  gives  its  data  only  to  five  decimal 
places,  differences  of  tenths  of  a  second  in  the  reduction  can  hardly 
be  relied  upon.  However,  giving  the  reductions  computed  upon  the 
Fundamental  Plane  half  the  weight  of  either  of  those  obtained  from 
the  Horizontal  Plane,  we  find  that  we  must  add  +  0.3^.  and  —  0,2s,  to 
the  observed  times  at  the  Massachusetts  Institute  of  Technology  station 
in  order  to  reduce  them  to  those  observed  at  the  Creighton  University 
station,  and  hence  for  all  four  contacts  the  reductions  are 


I. 

+  0.4/. 


II. 
+  0  3.. 


III. 
--0.2f. 


IV. 
—0.5  J. 


The  Observations  of  the  Contacts  made  by  the  Massachusetts 
Institute  of  Technology  Reduced  to  the  Creighton 

University  Station. 

The  Tcchtwlogy  Quarterly  quoted  above  (September,  1900),  on 
pages  171  and  172,  gives  the  times  of  the  contacts  as  observed  by 
Mr.  Hosmer  and  Professor  Robbins.  As  these  are  expressed  in  Wash- 
ington local  mean  time,  we  add  to  them  the  Greenwich  longitude  of  the 
place,  5//.  30/;/.  56.2.^.,  and  then  subtract  6//.  otn.  os.y  in  order  to  reduce 
them  to  Central  time,  and  lastly  add  also  the  above-computed  reductions 
in  order  to  reduce  them  to  the  Creighton  University  station.  The 
results  are  then  as  follows  : 


Gborgb  L.  Hosmbr. 

A. 
7 

I. 

m. 

2 

/i. 
8 

II. 

m. 
9 

52.0 

8 

III. 

h 
9 

IV. 

fti. 

Washintrton  time    . 

22  7 

11 

ia2 

26.9 

Greenwich  longitude 

+5 

30 

56.2 

+5 

30 

56  2 

+5 

30 

56  2 

+5 

30 

56  2 

Red.  to  Central  time 

—6 

0 

0.0 

—6 

0 

0.0 

—6 

0 

0.0 

—6 

0 

0.0 

Red.  to  C.  U.  Station 

6 

33 

0.4 
19.3 

7 

40 

0.3 

48.5 

7 

42 

02 
14.2 

8 

59 

0.5 

Central  time  at  C.  U. 

Station    .     . 

22.6 

20 


William  F.  Rigge, 


Arthur  G.  Robbins. 


Washington  time    . 
Greenwich  longitude 
Red.  to  Central  time 
Red.  to  C.  U.  Station 


Central  time  at  C.  U.  Station    . 


I. 

k. 

8 

II. 

m. 

9 

III. 

A. 
9 

IV. 

h. 
7 

m. 

2 

16  4 

53.1 

A. 
8 

w.      s. 
11   18.4 

fH. 

28 

161 

+5 

30 

56  2 

+5 

30 

56  2 

+5 

30  56  2 

+5 

30 

56  2 

-6 

0 

0.0 

—6 

0 

00 

—6 

0     0.0 

—6 

0 

0.0 

+ 

33 

0.4 

+ 
7 

40 

03 
49.6 

7 

0.2 

8 

59 

0.5 

6 

13.0 

42  14.4 

11.8 

GENERAL  COMPARISON  OF  COMPUTED  AND  OBSERVED  TIMES. 


Contacts. 

Mid-totality. 

Duration   of 
totality. 

Duration   of 
whole  eclips«. 

Central  Times. 

I. 

1 

11. 

A. 
7 

III. 

IV. 

Computed 

6    33     17.0 

7    40    57-1 

M.        S. 

42      23.0 

A.  m.      t. 

8    59    29.8 

h.  tn.    s. 

7   4«    400 

m.     s. 

I    25.9 

A.  rtt.    s. 

2     2S  73.8 

Observed  by  Rigge     .    . 

18.3 

50.0 

16.0 

18.6 

33.0 

1    26.0 

60,3 

Observed  by  Hosmer  .    . 

19.3 

48.5 

14  2 

32.6 

31-4 

I    25.7 

63.3 

Observed  by  Robbins 

130 

49.6 

144 

11.8 

32.0 

I    24.8 

58.8 

Computed 

f  Rigge    . 

—'3 

+7.' 

+7.0 

+11. 2 

+7.0 

— 0  I 

+12.5 

Minus 

Hosmer, 

—a  3 

+8.6 

+8.8 

+  72 

+8.6 

+0.2 

+  9-5 

Observed  . 

[  Robbins, 

+40 

+7.S 

+8.6 

+18.0 

+80 

+1.1 

+14.0 

Hosmer  —  Rigge    .    .    . 

+1.0 

-~»-5 

—I  S 

+  4.0 

—1.6 

— 0-3 

+  30 

Robbins  —  Rigge   .    .     . 

—5-3 

—0.4 

—1.6 

—  68 

— i.o 

—  1.2 

—  1.5 

Hosmer — Robbins     .    . 

+6.3 

—  I.I 

— o.a 

+10.8 

—0.6 

+09 

+  4-5 

Creighton  University, 
Omaha^  Neb.^  January  /,  tgoi. 
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CHANGES  THAT  TAKE  PLACE  IN  THE  BACTERIAL 
CONTENTS  OF  WATERS  DURING  TRANSPORTA- 
TION 

By  GEORGE  C.  WHIPPLE. 

Bacteriologists  are  agreed  that  in  order  to  obtain  the  most 
accurate  determination  of  the  number  of  bacteria  in  a  sample  of 
water  the  plating  should  be  done  at  the  time  of  collection.  It  was 
early  observed  that  if  this  were  delayed  the  resulting  count  would  be 
different  from  that  obtained  by  immediate  plating.  Unless  the  sample 
was  kept  on  ice  or  in  a  cool  place,  the  number  of  bacteria  generally  in- 
creased on  standing,  the  increase  in  24  hours  being  sometimes  several 
hundred  per  cent.  Even  when  kept  on  ice  the  number  of  bacteria 
did  not  remain  constant,  but  sometimes  increased,  and  occasionally 
decreased.  In  the  vast  majority  of  cases  in  actual  practice  immediate 
plating  is  an  impossibility.  A  knowledge  of  the  changes  that  take 
place  in  the  bacterial  contents  of  waters  when  kept  for  various  lengths 
of  time  under  different  conditions  is,  therefore,  a  matter  of  great  im- 
portance, and  in  view  of  its  importance,  the  experimental  evidence 
upon  the  subject  is  surprisingly  meager. 

Dr.  E.  O.  Jordan^  and  Mr.  E.  E.  Irons  have  pointed  out  that  when 
samples  of  water  are  stored  in  ice,  the  number  of  bacteria  sometimes 
decreases  and  sometimes  increases  during  the  first  two  days  after  col- 
lection, and  that  this  can  be  explained,  in  part  at  least,  by  the  initial 
temperature  of  the  water.  During  the  summer  the  change  from  the 
initial  temperature  of  surface  waters  to  the  temperature  of  the  ice  box 
is  ordinarily  considerable,  and  the  shock  produced  by  the  sudden  cool- 
ing causes  a  reduction  of  vitality,  or  possibly  death,  to  some  of  the 
bacteria  present,  while  during  the  winter  this  change  in  temperature 
is  less  marked. 

In  general,  the  observations  of  the  author  tend  to  corroborate 
these   statements,  but    experiments   seem   to    show  that    many  other 


*  E.  O.  Jordan  and  E.  E.  Irons.     Notes  on  JUcterial  Water  Analysis.     Reports  of  Amer- 
ican Public  Health  Association,  Vol.  XXV,  p.  564. 
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factors  enter  into  the  problem.  For  example,  it  has  been  found 
that  whether  the  sample  is  stored  in  ice  or  at  room  temperature, 
the  number  of  bacteria  first  diminishes  and  later  increases.  This  is 
illustrated  in  the  following  table : 


Sample. 

Initial   temper- 
ature. 

Temperature 
of  mcubation 
of  sample. 

^    Numbed 

c  OF  Bactbria 

Pbr  C.C. 

Initial. 

After 
3  hours. 

After 
6  hours. 

After 
24  hours. 

After 
48  hours. 

A     .     . 

7.6«  C. 

17.0PC. 

260 

215 

230 

1 

900 

27,000 

B      .     . 

7.6° 

17.0° 

260 

245 

255 

723 

10,850 

C      .     . 

7.6° 

12  5^ 

260 

270 

231 

600 

2,790 

D    .     . 

7.6° 

12.5° 

260 

270 

245 

710 

1800 

E     .     . 

7.6° 

2.4° 

260 

243 

210 

675 

1.980 

F     .     . 

7.6° 

2.4° 

260 

235 

270 

560 

1,980 

G    .     . 

11.0° 

12.8° 

77 

55 

5S 

101 

10  250 

H    .     . 

11.0° 

12.8° 

77 

53 

74 

87 

2.175 

I      .     . 

110° 

23.6° 

77 

51 

52 

11,000 

41,400 

J     .    ^ 

67° 

20.0° 

430 

375 

245 

•  •  • 

385,000^ 

K    .     . 

6.7° 

20.0° 

430 

345 

405 

•  ■  •  • 

750.000' 

L     .     . 

23.2° 

23.0° 

510 

340 

230 

8,000 

20,000 

M    .     . 

23.2° 

2.5° 

525 

300 

220 

380 

2.200 

'0.0005  P^i'  cent,  peptone  added  to  the  water. 


In  order  to  determine  whether  this  reduction  was  due  to  the 
death  or  to  the  reduced  vitality  of  the  bacteria  present,  whether  to 
the  aggregation  of  the  bacteria,  or  to  their  attachment  to  the  sides 
and  bottom  of  the  sample  bottle,  the  following  experiments  were 
made.  Fifty  cubic  centimeters  of  tap  water  were  put  into  a  2-ounce 
chemical  salt-mouth  bottle,  and  allowed  to  stand  in  the  20°  incubator 
for  3  hours.  The  water  originally  contained  99  bacteria  per  c.c,  this 
figure  being  the  average  of  5  plates.  At  the  end  of  3  hours  the  bottle 
was  thoroughly  shaken  and  2  plates  made,  the  resulting  counts  being 
84  and  ^y.  The  water  was  then  poured  out,  the  bottle  drained,  and 
50  c.c.  of  sterile  distilled  water  added.     After  shaking,  2  plates  were 
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made  as  before,  the  counts  being  i  and  2  respectively.  The  distilled 
water  was  then  poured  out,  leaving  behind  only  those  bacteria  that 
had  become  attached  to  the  glass ;  10  c.c.  of  standard  nutrient  gelatin 
were  then  put  in  the  bottle  and  a  roll-culture  made.  The  number  of 
colonies  that  developed  was  84,  or  approximately  1.5  for  each  cubic 
centimeter   of   water.      At    the    end    of    three    hours,   therefore,   the 

sample  contained      ^   ' — '-  +        '       =  ^j  per  c.c,  or  12  per  c.c.  less 

2  2 

than  the  original  number.      A  second  sample  collected  at  the  same 

time  was   kept  6  hours    in    the   incubator,  and    treated    in  a  similar 

manner.     At  the  end  of  this  period  the  water  contained  56  bacteria 

per  c.c,  and  1 18  were  obtained  by  the  roll-culture,  equal  to  more  than 

2  per  c.c  of  the  original  water.      A  second  experiment  of  the  same 

kind  gave  the  following  results  : 


Number  of  bacteria  at  time  of  coUeciion  .     .     . 

Number  of  bacteria  after  5  hours 

Number  of  bacteria  after  24  hours 

Number  of  bacteria  in  distilled  water  used  for 
washing 

Number  of  bacteria  in  bottle,  by  roll  culture  .     . 


Sample  A. 

Sample  B. 

Sample  C. 

255 

275 

330 

225 

220 

■    ■   • 

■  •  • 

•   •   t 

25,000 

1 

1 

230 

365 

2% 

37.000 

Sample  D. 

280 

■  •  • 

30,000 

270 

30,000 


These  experiments  indicate  that  the  decrease  in  the  number  of 
bacteria  immediately  after  collection  cannot  be  explained  by  loss  from 
precipitation  upon  the  glass,  but  they  also  indicate  that  the  error 
introduced  by  this  cause  may  be  important  if  the  sample  is  allowed 
to  stand  for  a  considerable  time. 

There  seemed  to  be  a  possibility  that  the  decrease  in  number 
might  be  due  to  the  aggregation  of  the  bacteria  upon  standing  with 
consequent  reduction  in  the  number  of  colonies.  The  following  ex- 
periment apparently  disproves  this.  Two  samples  of  tap  water  were 
collected  in  2-ounce  bottles,  and  incubated  for  3  hours  at  the  initial 
temperature,  22°  C.  Bottle  A  was  almost  full ;  bottle  B  was  about 
one-third  full.  From  each  of  these  bottles  duplicate  samples  were 
withdrawn  after  giving  ten  gentle  shakes,  and  again  after  shaking 
vigorously  two  hundred  times. 
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Sample. 

Number  of 

Bactbria 

Per  c.c. 

Initial. 

Afte 

r  3  hours. 

A. 

Shaken  ten  times 

590 
580 
645 
610 

380 

A. 

Shaken  two  hundred  times 

360 

B. 

Shaken  ten  times 

370 

B. 

Shaken  two  hundred  times 

390 

The  decrease  in  the  number  of  bacteria  after  collection  in  small 
bottles  seems,  therefore,  to  be  due  to  the  effect  of  changed  environ- 
ment upon  the  bacteria.  It  has  been  observed  that  when  a  sample 
is  kept  at  its  initial  temperature,  the  change  in  the  bacterial  contents 
is  less  than  when  kept  at  a  different  temperature.  It  has  been  also 
noticed  that  this  change  was  somewhat  greater  in  samples  taken  from 
service  taps  where  the  bacteria  had  been  under  pressure,  than  in 
samples  taken  from  the  surface  of  a  reservoir.  Further,  it  is  a  mat- 
ter of  common  observation  that  samples  plated  at  the  time  of  col- 
lection show  a  greater  number  of  different  species  than  the  same 
samples  plated  24  hours  after  collection. 

The  character  of  the  bottle  has  an  effect  upon  the  rapidity  of 
growth  of  bacteria.  This  fact  was  observed  by  the  author  several 
years  ago,  but  its  importance  was  not  appreciated  until  the  following 
experiments  were  made. 

Tap  water  was  collected  in  four  bottles  and  incubated  for  72  hours 
at  18°.  The  initial  temperature  of  the  water  was  12.5°  C.  Sample  A 
was  collected  in  a  2-quart  glass-stoppered  sterilized  bottle,  and  the 
bottle  was  completely  filled,  leaving  no  air  space.  Sample  B  was 
collected  in  a  similar  bottle  which  was  but  half  filled.  Sample  C 
was  taken  in  a  2-ounce  chemical  salt-mouth  bottle  completely  filled, 
and  sample  Z^  in  a  2-ounce  bottle  half  filled.  Duplicate  plates  were 
made  from  each  bottle  at  intervals  with  the  following  results  : 


• 

Number  of  Bacteria  Per  c.c. 

Sample. 

luitial. 

After 
24  hours. 

After 
4S  hours. 

After 
72  hours. 

A.  2-quart  bottle,  completely  filled    .     . 

B.  2-quart  bottle,  half  filled     .... 

C.  2-ounce  bottle,  completely  filled    .     . 
I).    2-ounce  bottle,  half  filled    .... 

• 

99 
99 
99 
99 

85 
90 

•  •  • 

285 

.  161 
570 

•  •  • 

• 

850 

195 

705 

6,450 

125.000 

Changes  in  the  Bacterial  Contents  of    Waters, 
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A  second  experiment  made  in  the  same  way  except  that  the  water 
samples  were  incubated  at  37°  instead  of  at  18°  C,  gave  the  following 
results  : 


NUMBBR  OF    BaCTBRIA    PbR   C.C. 


Samplb. 


A.  2-quart  bottle,  completely  filled 

B.  2-quart  bottle,  half  filled  .     .     . 

C.  2- ounce  bottle,  completely  filled 

D.  2- ounce  bottle,  half  filled     .     . 


Initial. 

After  24  hours. 

160 

1,900 

160 

2,800 

160 

68,000 

160 

72000 

In  the  third  experiment  bottles  of  various  sizes  were  used,  and 
the  incubation  was  made  at  13°  and  at  24°  C,  these  being  the  aver- 
ages of  the  observed  temperatures.  In  order  that  the  temperatures 
should  be  the  same  for  each  series,  the  bottles  were  kept  in  tanks 
filled  with  water,  the  necks  of  the  bottles  projecting  above  the  water. 
In  all  cases  the  bottles  were  half  full.  The  results  are  given  in  the 
following  table. 


Sample. 

Bottle. 

Tempeniture 

of 

incubation. 

NUMBBR  OF   BaCTBRIA   PbR 

CO. 

Initial  I 

After 
3  hours. 

After 
6  hours. 

After 
12  hours. 

After 
24  hours. 

After 
48  hours. 

A. 

1-gallon    .     . 

13° 

77 

63 

65 

47 

42 

175 

B. 

2- quart     .     . 

13° 

77 

59 

63 

60 

45 

690 

C. 

1- quart     .     . 

13° 

77 

63 

63 

47 

46 

325 

D. 

1-pint  .     .     . 

13° 

77 

57 

61 

36 

38 

630 

E. 

2- ounce    .     . 

13° 

77 

•    55 

58 

47 

101 

10,250 

F. 

1-gallon    .     . 

24° 

77 

81 

97 

275 

290 

300 

G. 

2-quart     .     . 

24° 

77 

92 

59 

62 

180 

250 

H. 

1- quart     .     . 

24° 

77 

84 

77 

46 

340 

900 

I. 

1  pint  .     .     . 

24° 

77 

51 

46 

100 

2,950 

7.020 

J. 

2  ounce    .     . 

24° 

77 

51 

52 

145 

11,000 

41,400 

*  Average  of  five  plates. 
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A  comparison  was  then  made  between  the  growth  In  2-ounce 
bottles  and  in  250  c.c.  flasks  plugged  with  cotton,  the  samples  being 
incubated  at  three  different  temperatures. 


1 

Receptacle. 

Temperature  of 
incubation. 

NUMBBR   < 

>F  Bactbria  Per  c.c. 

Sample. 

C 

260 

si 

so 

A. 

250  c.c.  flask,  filled  to  neck      .     .     . 

2.5° 

235 

270 

560 

1,980 

6.     250  c.c.  flask,  half  filled       .... 

2.5° 

260 

285 

295 

490 

2,070 

C. 

2-ounce  bottle,  completely  filled    .     . 

2.5° 

260 

243 

210 

675 

1,980 

D. 

2-ounce  bottle,  half  filled     .... 

2.5° 

260 

275 

255 

595 

12600 

E. 

250  c.c.  flask,  filled  to  neck  .... 

12.5° 

260 

270 

231 

600 

2,790 

F. 

250  c.c.  flask,  half  filled 

12.5° 

260 

295 

280 

705 

1,890 

G. 

2-ouiice  bottle,  completely  filled    .     . 

12.5° 

260 

270 

245 

710 

1,800 

H. 

2-ounce  bottle,  half  filled     .... 

12  5° 

260 

285 

260 

670 

18,000 

I. 

250  c.c.  flask  filled  to  neck  .... 

17.0° 

260 

245 

255 

720 

10,850 

J- 

250  c.c.  flask,  half  filled       .... 

17.0° 

260 

255 

290 

1,510 

«  •  •  • 

K 

2-ounce  bottle,  completely  filled    .     . 

17.0° 

260 

215 

230 

900 

27,000 

L. 

2-ounce  bottle,  half  filled      .... 

17.0° 

260 

258 

258 

1.8C0 

37,800 

'  Average  of  five  plates. 


Comparisons  were  next  made  in  bottles  of  one  size  containing 
different  amounts  of  water.  The  bottles  had  a  capacity  of  120  c.c. 
In  this  experiment  0.0005  P^^  cent,  of  peptone  was  added  to  hasten 
the  growth.     The  incubation  was  made  at  a  temperature  of   19.5°  C. 


The  following  results  were  obtained  : 


f*  .            %  . 

Amount  of  water  in 
cubic  centimeters. 

Depth  of  water  in 
centimeters. 

15.0 

NuMBSR  OF  Bacteria  Pbk  cc. 

Sample. 

Initial. 

After  36  hours. 
385,000 

A. 

120* 

430" 

B. 

100 

12.5 

430 

510,000 

C. 

50 

6.3 

430 

559,000 

D. 

20 

2.5 

430 

6'?6,000 

>  Bottle  full. 


Average  of  five  plates. 
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These  experiments  seem  to  justify  the  following  conclusions : 
After  the  collection  of  a  sample  in  either  a  large  or  a  small  bottle, 
there  is  a  slight  reduction  in  the  number  of  colonies  that  can  be  ob- 
tained upon  the  gelatin  plate,  due  apparently  to  the  effect  of  changed 
environment  upon  the  bacteria  present.  This  reduction  is  perhaps 
somewhat  greater  when  a  small  volume  of  water  is  collected,  as  its 
temperature  change  is  naturally  more  rapid.  The  subsequent  growth 
takes  place  more  rapidly  in  a  small  bottle  than  in  a  large  bottle,  and 
more  rapidly  when  the  bottle  is  but  partially  filled  than  when  it  is 
completely  full.  With  bottles  of  the  same  size  the  growth  is  more 
rapid  in  small  volumes  of  water  than  in  large  volumes.  The  expla- 
nation of  this  is  not  wholly  clear,  but  undoubtedly  the  supply  of 
oxygen  is  an  important  factor,  and  it  is  probably  the  'controlling 
factor. 

These  results  have  a  practical  bearing  upon  the  procedure  of  the 
water  analyst.  They  show  first  the  great  advantage  of  plating  imme- 
diately after  collection.  They  show  that  bottles  larger  than  the  cus- 
tomary 2-ounce  salt-mouths  should  be  used  if  the  samples  are  to  be 
kept  long  before  plating,  and  that  the  bottles  should  be  filled  almost 
full.  (It  is  necessary  to  leave  a  small  amount  of  air  space  for  expan- 
sion or  contraction  due  to  temperature  changes.)  But  they  also  show 
that  if  the  plating  is  made  within  a  few  hours  of  collection,  the  char- 
acter of  the  bottle  is  practically  immaterial,  provided  of  course,  that 
it  is  perfectly  clean  and  sterilized. 

During  transportation,  samples  of  water  are  usually  subjected  to 
more  or  less  jolting,  and  the  wiater  is  therefore  kept  in  a  state  of  agi- 
tation. In  order  to  determine  what  effect  gentle  agitation  has  upon 
bacteria,  the  following  experiment  was  made : 

A  250  c.c.  sterilized  flask  was  partially  filled  with  the  sample  and 
floated  near  the  surface  of  water  in  a  beaker.  The  water  in  the 
beaker  was  then  kept  in  a  state  of  commotion  by  blowing  in  air  from 
a  Richards  pump.  The  rising  bubbles  caused  the  flask  to  bob  about 
in  a  lively  manner,  keeping  its  contents  continually  in  motion.  The 
apparatus  was  placed  in  the  incubator,  the  air  tube  being  passed 
through  one  of  the  ventilating  holes.  A  second  flask  that  contained 
an  equal  amount  of  the  sample  was  put  in  a  second  beaker  and  kept 
by  the  side  of  the  first  in  order  that  temperature  conditions  might  be 
the  same.  This  flask  was  kept  quiet.  The  incubator  maintained  an 
average  temperature  of  20°,  and  the  atmosphere  was  saturated  with 
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moisture.  The  initial  temperature  of  the  sample  was  9.0°  C.  At 
intervals  duplicate  plate  cultures  were  made  from  the  two  flasks.  The 
following  were  the  results  : 


Sample. 

1 

1 

NUMBBR  OP  BaCTSRIA    PbR  C.C 

; 

1 

Initial. 

1 

After  2  hours. 

After  18  hours. 

After  34  hours. 

After  4a  hours. 

Quiet  flask   .     .     . 
Agitated  flask  .     . 

1 

225 

212 

1 

1 

193 
186 

365 
340 

445 

385 

1,690 
1.120 

A  duplicate  experiment  gave  similar  figures.     The  temperature  of 
the  incubator  was  23.5°  C. 


Sample. 


Quiet  flask 
Agitated  flask 


Number  op  Bactbria  Pbr  c.c. 


After  5  hours.  After  48  hours. 


190 
146 


5.000 
3.100 


The  experiment  was  then  modified  by  putting  the  samples  into 
sterilized,  wide-mouthed,  2-ounce  bottles  and  blowing  air  into  one  of 
them.  The  air  from  a  Richards  pump  was  made  to  pass  through  a 
double  cotton  filter  and  through  a  sterilized  rubber  tube  connected 
with  a  glass  tube  that  entered  the  bottle.  A  T  connection  permit- 
ted a  part  of  the  air  to  be  passed  into  a  third  bottle  filled  with  ster- 
ilized distilled  water,  and  run  as  a  blank  to  determine  whether  the  air 
carried  any  bacteria  into  the  sample.  The  flow  of  air  into  the  bottle 
that  contained  the  sample  was  regulated  so  that  about  two  bubbles 
per  second  rose  in  the  water.  The  apparatus  was  placed  in  the  incu- 
bator where  the  average  temperature  was  23.0°  C.  The  following 
results  were  obtained  : 


Sample. 


Numbbr  of  Bactbria  Per  c.c. 


Quiet  sample 

Aerated  sample 

Aerated  blank  sample 


Initial. 

After  4  hours. 

After  ao  hours. 

240 

235 

1,2.S0 

240 

225 

625 

0 

•  •  • 
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In  order  to  determine  the  effect  of  more  violent  shaking,  a  sample 
of  water  in  a  2-ounce  bottle  packed  in  a  tin  box  was  attached  to  the 
piston  rod  of  a  pumping  engine,  while  a  duplicate  sample  was  kept 
quiet  near  by.  Both  bottles  were  but  partially  filled.  The  engine 
was  pumping  at  the  rate  of  60  strokes  per  minute,  and  the  length 
of  the  stroke  was  about  2  feet.  The  temperature  of  the  room  varied 
from  21.0°  to  26.0°  C. 


Sample. 


Number  ok  Bacteria  Prr  c.c. 


Quiet  bottle 

Bottle  shaken  on  the  engine 


A  second  experiment  was  made  in  a  similar  manner,  but  0.0 1  per 
cent,  of  pepton  was  added  to  the  water  to  hasten  the  development  of 
the  bacteria. 


Number  of  Bacteria  Per  c.c. 


Sample. 


Quiet  bottle 

Bottle  shaken  on  the  engine 


Initial. 

After  18  hours. 

78 
70 

1,900,000 
342,000 

These  experiments  show  that  agitation  exercises  a  retarding  influ- 
ence upon  the  multiplication  of  bacteria,  but  that  the  slight  shaking 
that  water  samples  are  liable  to  receive  for  a  few  hours  during  trans- 
mission is  practically  of  little  importance  in  its  effect  upon  quantita- 
tive determinations  of  the  bacterial  contents. 


Mt.  Prospect  Laboratory, 
Brooklvn,  N-    Y- 
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THE  PRECISION  OF    THE   SLIDE   RULE. 

By  LOUIS   DERR,  S.li.,  M.A. 

As  employed  in  engineering  calculations,  the  ordinary  lo-inch  slide 
rule  is  commonly  considered  accurate  to  one-half  of  i  per  cent.,  and 
for  work  of  greater  precision  some  other  method  of  computation  is 
thought  essential.  Repeated  trials,  however,  have  brought  to  the 
writer  the  conviction  that  this  limit  is  too  low.  With  care  a  good 
rule  will  give  much  more  accurate  results. 

In  support  of  this  contention  the  following  example  is  adduced. 
The  data  were  laboratory  observations  of  four  variable  quantities, 
ay  by  c,  dy  ^ji^L  fiftcen  sets  of  observations  were  taken.  It  was  required 
to  compute  the  products  ab  and  cdy  and  the  ratios  ab  :  cd  for  each  set. 
These  were  worked  out  on  the  different  scales  of  a  lo-inch  and  a 
20-inch  slide  rule,  and  the  results  compared  with  those  obtained  by 
using  two  many-figure  calculating  machines  of  different  patterns.  The 
quantity  a  had  four  significant  figures,  b  and  c  three,  and  d  either  three 
or  four.  The  computation  by  logarithms  would  therefore  be  made 
with  a  four-place  table. 

When  simple  products  or  quotients  are  desired,  the  lower  scales 
of  the  slide  rule  are  naturally  used  for  greater  accuracy ;  but  when 
a  compound  fraction  of  the  form  abc  .  .  /  .  .  pqr .  .  is  to  be  evaluated,  the 
upper  scales  are  generally  more  convenient.  This  is  because  the  slide 
must  often  be  shifted  through  its  whole  length  when  the  lower  scales 
are  used,  even  though  the  sequence  of  operations  is  carried  out  to  the 
best  advantage.  If  intermediate  products  are  desired,  it  is  usually 
necessary  to  compute  them  separately,  and  if  the  remainder  of  the 
calculation  is  obtained  from  these  values,  the  additional  uncertainties 
of  reading  and  resetting  affect  the  result  much  more  than  if  the  com- 
putation were  carried  through  at  a  single  operation.  This  is  illus- 
trated by  (3)  of  the  table  below,  which  should  be  compared  with  the 
figures  just  above  in  the  20-inch  column.  In  this  respect  the  calcu- 
lating machine  has  a  decided  advantage  over  the  rule,  for  the  inter- 
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mediate  values  can  be  read  off  and  recorded  as  they  appear  on  the 
figure  wheels. 

It  is  difficult  to  measure  the  comparative  speed  of  the  calculating 
machine  and  the  slide  rule,  chiefly  because  the  character  of  the  opera- 
tions is  totally  different.  It  follows  from  this  that  for  a  trustworthy 
measure  of  speed  the  computer  should  be  equally  skilled  in  the  use  of 
both  machine  and  rule,  and  this  can  hardly  be  assumed  as  true  for  the 
average  case.  Tests  of  this  kind  also  often  omit  an  essential  factor  — 
the  time  required  to  record  the  result.  Broadly  speaking,  the  writer 
has  observed  that  a  computation  carried  out  to  a  given  number  of 
places  by  rule  will  require  half  again  as  much  time  by  machine.  To 
get  an  additional  place  of  figures  by  machine,  twice  as  much  time 
must  be  taken  as  in  the  first  case  by  rule.  This  result,  though  not 
necessarily  valid  for  all  observers,  testifies  at  any  rate  to  the  extreme 
rapidity  of  slide-rule  computation,  since  it  is  a  well-established  fact 
that  on  four-  or  five-figure  work  machine  computation  requires  from 
35  per  cent,  to  50  per  cent,  of  the  time  required  with  logarithms. 

The  following  table  summarizes  the  results  of  five  series  of  pre- 
cision tests.  In  the  last  two,  the  quantities  w,  «,  /,  ^,  contained  five 
significant  figures  each.  For  such  data  the  lo-inich  rule  is  clearly  inad- 
equate, and  only  the  lower  scales  of  the  20-inch  rule  were  used. 


TABLE. 

Errors  of  Computation  by  Slide  Rule,  in  Fractions  of  i  Per  Cent,  of  the 

Quantity  Computed. 


(1)  Product  ttb  of  two  four-place   numbers,    on   lower 
scales  (2  settings,  1  reading) : 

Average  error 

Greatest  errors 


(2)  Ratio  ab  :  cd^  on  upper  scales  (4  settings,  1  reading) : 

Average  error 

Greatest  errors 


(3)  Product  ab  divided  by  product  cd^  all  computed  sep- 

arately on  lower  scales  (6  settings,  3  readings) : 

Average  error 

Greatest  errors 

(4)  Product  mn  of  two  five-place  numbers,  lower  scales : 

Average  error 

Greatest  errors 

(5)  Ratio  mn  :  pq^  on  lower  scales  (average  4^  settings, 

1  reading) : 

Average  error 

Greatest  errors 


loinch  rule. 


0.0+1 
0.157  and  0091 


0.133 
0.349  and  0.226 


0.079 
0198  and  0177 


so-inch  rule. 


0.026 
0.069  and  0  069 

0.062 
0  181  and  0.135 


0  037 
0.096  and  0.090 


0.(>f6 
0167  and  0130 
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Of  the  computations  entering  the  above  table,  five  were  exact,  63 
showed  a  negative  error,  and  6^  a  positive  error. 

If  unconfirmed,  a  number  of  trials  not  greater  than  the  above 
would  hardly  warrant  very  definite  conclusions ;  but  since  these  are 
only  typical  of  hundreds  in  the  writer's  experience,  it  seems  legiti- 
mate to  make  the  following  deductions : 

(i)  For  short  calculations  the  upper  scale  of  the  lo-inch  rule  is 
reliable  to  one-quarter  of  i  per  cent.  The  lower  scale  is  better  than 
one-fifth  of  i  per  cent.,  and  may  generally  be  used  instead  of  a  four- 
place  logarithm  table.  It  should  be  observed  that  the  upper  scale  of 
the  20-inch  rule,  and  the  lower  scale  of  the  lo-inch  rule  are  graduated 
alike. 

(2)  For  short  calculations  the  lower  scale  of  the  20-inch  rule  is 
reliable  to  one-tenth  of  i  per  cent.,  and  may  be  used  instead  of  a  five- 
place  logarithm  table. 

(3)  If  five  places  of  figures  are  to  be  obtained,  and  the  intermedi- 
ate products  are  required,  the  20-inch  rule  is  not  much  faster  than  a 
machine,  and  is  vastly  more  fatiguing. 

In  applying  the  above  conclusions  to  practice,  two  things  must  be 
prescribed  :  the  rule  employed  must  be  accurate,  and  the  computer 
should  be  practiced  in  the  estimation  of  tenths.  Other  than  this,  no 
unusual  skill  is  required,  nor  is  any  claimed  in  the  above  tests. 
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A   NEW  ERA    IN  INTERIOR   LIGHTING. 

By   CHARLES   L.    NORTON. 

We  have  so  long  given  to  window  glass  the  task  of  keeping  out 
the  wind  and  rain,  while  letting  the  light  and  warmth  of  the  sky 
enter,  that  the  intrusting  of  another  task  to  this  universal  detail  of 
our  structures  is  a  step  which  interests  the  whole  community.  The 
window  is  henceforth  to  be  not  only  an  opening  through  which  light 
may  enter,  but  a  medium  for  sending  the  light  in  the  direction  in 
which  it  is  most  desired.  Except  where  it  is  necessary  to  have  win- 
dows through  which  to  look,  conditions  of  economy  will  soon  forbid 
the  general  use  of  plane  glass.  The  age  of  plane  glass  has  passed, 
to  be  succeeded  by  an  age  of  scientific  diffusion  of  light. 

If  our  windows  be  of  plane  glass,  the  best  and  brightest  light  in 
the  room  is  on  the  floor  near  the  window,  and  it  is  here  largely 
absorbed  and  lost.  If,  however,  we  interpose  in  the  beam  of  light  as 
it  passes  through  the  window  a  suitable  diffusing  medium,  we  mky 
divert  the  light  from  its  original  downward  direction  into  others  where 
it  will  be  more  effective.  The  ribbed,  corrugated,  giound,  and  figured 
glasses  now  coming  into  common  use  are  diffusing  media  for  accom- 
plishing this  end,  and  it  is  to  them  and  to  their  uses  that  it  is  the  pur- 
pose of  this  paper  to  call  attention. 

In  the  year  1883,  Mr.  Edward  Atkinson  reported  the  method  of 
constructing  English  cotton  factories  to  his  associates,  calling  atten- 
tion to  the  use  of  rough-plate  or  hammered  glass  for  glazing  factory 
windows,  it  being  claimed  that  a  better  light  was  distributed  within, 
a  claim  which  appeared  to  him  to  have  a  sound  basis.  Reasoning 
upon  the  subject,  he  first  proposed  to  make  prismatic  glass  with  a 
view  to  deflecting  and  diffusing  the  light,  but  finding  that  such  glass 
would  be  very  costly,  and  subject  to  some  other  objections,  he  turned 
his  attention  to  the  types  of  glass  already  in  use,  causing  photographic 
images  to  be  made  of  the  diffused  light.  These  images  showed  that 
the  common  ribbed   glass,  in  use  for  obstructing  vision,  also  diffused 
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light  in  a  most  effective  way.  He  published  the  facts,  and  soon  after 
many  mills  and  works  were  either  newly  glazed  or  reglazed  with  ribbed 
glass.  A  discussion  having  arisen  on  the  relative  merits  of  ribbed  and 
prismatic  glass,  it  became  necessary  to  bring  the  matter  to  a  scientific 
basis. 

In  1894  he  brought  the  matter  to  me,  and  we  have  just  completed 
a  series  of  experiments  begun  at  that  time,  to  determine  just  what 
gain  would  arise  from  the  use  of  the  new  window  glass  in  a  large  way, 
as  in  the  windows  of  mills,  schoolhouses,  and  public  buildings. 

The  extent  of  our  knowledge  on  the  matter  in  1894  was  certainly 
not  large,  and  very  few  of  my  acquaintances  of  scientific  bent  believed 
in  the  practicability  of  any  such  scheme  for  improving  the  present 
conditions  of  lighting.  I  am  quite  ready  to  confess  that  I  was  so 
sure  that  the  insertion  of  a  sheet  of  ribbed  or  corrugated  glass  in 
a  window  would  be  attended  by  a  loss  of  illumination,  that  I  designed 
my  photometer  to  measure  negative  instead  of  positive  quantities,  and 
had  the  pleasure  of  rebuilding  it. 

The  materials  available  for  use  as  diffusing  media  in  windows  are 
of  two  distinct  types :  first,  the  corrugated  and  figured  sheet  glass ; 
and  second,  the  carefully  designed  and  moulded  prisms.  Figures  i, 
2,  and  3  indicate  the  distribution  of  light  in  a  small  room  with  the 
window  glazed  in  the  different  ways.  After  considerable  study  we 
came  to  the  conclusion  that  the  only  data  that  would  be  of  value  to 
us  in  forming  conclusions  as  to  the  practical  utility  of  the  diffusing 
glasses  must  be  obtained  from  the  examination  of  a  large  room 
lighted  by  a  single  window,  in  which  the  several  glasses  might  be 
placed  in  rapid  succession.  The  outdoor  surroundings,  the  amount 
of  exposed  sky,  the  angular  height  of  obstructions  and  the  depth  of 
the  reveal  over  the  window  may  be  altered  by  means  of  suitable  cur- 
tains. The  method  of  procedure  followed  in  the  recent  tests  for  the 
Factory  Mutual  Fire  Insurance  Companies,  under  the  supervision  of 
Mr.  Edward  Atkinson,  was  as  follows  : 

All  the  makers  of  diffusing  glasses  of  whom  we  could  find  trace 
were  requested  to  send  samples  if  they  desired  to  participate  in  the 
test.  Nearly  a  score  of  samples  were  received  in  response  to  our 
circular  letter,  and  a  few  samples  were  purchased. 

The  Physics  Lecture  Room  in  the  Walker  Building  of  the  Massa- 
chusetts Institute  of  Technology,  was  placed  at  our  disposal  by  the 
Institute,  and  it  proved  to  be  in  every  way  a  suitable  place  in  which 
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Fig,  j.  —  Sketch  Showing  thk  Uistbiuutlon  of  Light  in  a  Small  Room, 
WITH  A  Window  of  Prismatic  Glass. 

to  make  the  tests.  All  openings  by  which  light  might  enter  the  room 
were  closed,  except  one  window  on  the  west  side.  This  window  was 
13  inches  square,  and  about  8  feet  from  the  floor.  The  specimens  of 
glass  were  inserted  in  the  window  in  rapid  succession,  and  photometric 
comparisons  of  the  intensity  of  the  light  in  the  different  cases  were 
made.  With  each  specimen  the  intensity  of  light  was  measured  in 
a  horizontal  plane  at  the  height  of  the  table  tops,  observations  being 
taken  at  stations  lo  feet  apart  over  the  entire  floor.  The  room  was 
50  feel  wide  and  40  feet  deep. 

The  general  conclusions  to  be  drawn  from  the  observations  are: 
first,  that  in  rooms  of  from  15  to  30  feet  in  depth,  the  ribbed  or  cor- 
rugated glasses  will  give  an  increase  in  the  effective  light  at  the  level 
of  the  table  tops,  of  from  200  to  500  per  cent.  Some  of  the  prisms 
will  do  as  well,  but  they  are  usually  found  to  give  too  little  diffusion 
in  small  rooms,  especially  where  the  windows  are  few  and  small. 

Second,  in  rooms  from  50  to  100  feet  deep,  the  ribbed  or  corru- 
gated glasses  will  often  give  an  increase  of  effective  light  of  fifteen 
times  the  original  amount,  and  the  prisms,  especially  when  set  in 
canopies,  will  increase  the  light  in  some  cases  to  fifty  times  its  origi- 
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nal  effective  strength.  The  determining  factors  in  the  case  are  the 
depth  of  the  room,  the  angle  of  exposed  sky,  and  the  number  and 
size  of  the  windows.  Stated  broadly,  the  use  of  suitable  prism 
canopies  should  make  a  basement  as  well  lighted  as  a  second  story 
above  it,  glazed  with  plane  glass. 

The  varieties  of  glass  available  for  this  work  of  diffusion  are  con- 
stantly increasing  in  number,  and  decreasing  in  cost.  Among  the  less 
expensive  are  the  ribbed  or  corrugated  glasses.  These  may  be  had  in 
different  degrees  of  fineness  of  corrugation,  in  several  thicknesses, 
and  with  ttie  corrugations  upon  one  or  both  sides.  The  finely  corru- 
gated glass  with  twenty-one  ribs  to  the  inch,  has  been  known  for  sev- 
eral years  as  Factory  Ribbed  Glass,  the  name  having  been  suggested 
by  Mr.  Atkinson.  It  is  more  sharply  rolled  than  the  glass  with  larger 
corrugations,  and  gives  a  better  projection  into  deep  rooms,  but  it 
accumulates  dirt  more  rapidly  than  the  coarser  glasses. 

There  are  almost  numberless  figured  glasses,  with  a  design  of 
some  sort  worked  in  low  relief  on  one  side  of  the  sheet.  These  act 
as  excellent  diffusing  media  in  small  rooms,  but  do  not  pitch  the  light 
up  toward  the  horizontal  enough  to  be  effective  in  deep  rooms. 

The  prisms  made  by  three  of  the  large  companies  were  tested, 
though  one  sample  came  to  hand  too  late  to  be  given  a  complete 
series  of  tests.  One  make  of  prisms  consists  of  sharp,  carefully 
moulded  triangular  prisms,  usually  in  tiles  or  plates  about  4  inches 
square,  and  about  |  of  an  inch  thick.  These  are  made  of  many  dif- 
ferent angles,  and  are  installed  only  after  careful  consideration  of  the 
conditions  under  which  the  prisms  are  to  be  used.  They  are  very 
satisfactory  devices  for  projecting  light  in  any  desired  direction  in 
a  room,  with  absolute  certainty  and  with  very  little  diffusion.  A  sec- 
ond prism  differs  from  the  first  merely  in  that  the  lower  surface  of 
the  prisms  is  curved  instead  of  plane,  giving  a  cross  section  which  is 
substantially  that  of  the  lower  half  of  the  rib  of  the  Factory  Ribbed 
Glass.  This  gives  a  wider  diffusion,  but  less  concentration  of  the 
beam  where  it  is  desired  to  throw  it  in  one  direction,  as  is  often  the 
case  in  deep  rooms.  The  third  make  of  prisms  is  quite  similar  to 
the  first  type,  except  that  the  outer  side,  or  back  of  the  prism  plate, 
is  not  plane  but  slightly  sinuous  in  outline.  Enlarged  sections  of  the 
different  diffusing  glasses  are  shown  in  Figure  4. 

The  intensity  measurements  were  made  with  a  modified  Cornu 
photometer,  which    served   to    compare    the    brilliancy  of  a  piece    of 
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white  porcelain  placed  at  the  window  with  that  of  a  second  piece 
which  could  be  moved  to  any  desired  point  in  the  room.  This  method 
gave  measurements  which  were  expressed  in  percentages  of  the  inten- 
sity of  the  light  at  the  window,  and  were  wholly  independent  of  the 
strength  of  the  light  at  the  window  at  the  moment  of  comparison. 
A  radial  arm,  15  feet  long,  centered  just  below  the  window,  was  also 
used  to  carry  the  white  screen,  but  it  was  found  that  the  results  ob- 
tained with  an  arm  of  this  length  were  of  little  value  in  furnishing 
data  on  the  action  of  the  different  diffusing  glasses  in  rooms  of  a 
depth  greater  than  15  feet.  The  reason  for  the  apparent  discrepancy 
between  the  observed  value  of  the  intensity  at  the  back  of  the  room 
50  feet  deep,  and  the  values  computed  from  the  measurements  made 
at  a  distance  of  15  feet  from  the  window,  lies  in  the  fact  that  a  very 
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considerable  and  variable  amount  of  light  is  reflected  from  the  ceiling. 
It  should  be  borne  in  mind  that  the  light  from  the  upper  sash  usually 
strikes  the  ceiling  at  a  small  angle,  and  that  the  reflecting  power  of 
even  a  dingy  and  rough  ceiling  is  considerable  at  small  angles.  The 
glass  which  throws  the  strongest  beam  directly  toward  the  back  of 
the  room  may  not  furnish  as  satisfactory  an  illumination  there  as  one 
which  throws  a  more  feeble  beam  directly  toward  the  back  wall,  but 
adds  a  considerable  amount  to  it  by  reflection  from  the  walls  and 
ceiling.  It  was  therefore  deemed  better  to  measure  the  intensity  of 
the  light  at  a  sufficient  number  of  stations,  and  make  an  intensity 
map  of  the  room  for  each  kind  of  glass. 

The  examination  of  the  different  samples  of  glass  showed  at  once 
that  their  usefulness  lay  largely  in  different  fields,  as  was  suggested 
above.  In  shallow  rooms  now  fairly  well  lighted,  the  figured  glasses 
give  a  soft,  well-diffused  light  with  an  absence  of  glare  and  a  material 
strengthening  of  the  light  in  the  rear  portion  of  the  room.  As  we 
study  rooms  30  feet  or  so  in  depth,  we  find  the  figured  glass  gives  too 
little  light  near  the  back  of  the  room.  Evidently  something  is  here 
needed  to  throw  the  light  further  up  toward  the  horizontal,  as  well 
as  to  give  a  nearly  hemispherical  diffusion,  and  the  Factory  Ribbed 
Glass  has  here  proved  its  value.  The  action  of  this  glass  is  very 
interesting  to  me.  It  exists,  not  because  of  its  diffusing  properties, 
but  because  it  is  an  obstruction  to  vision  without  many  of  the  faults 
of  the  ground  and  painted  glasses  which  were  much  used  earlier.  It 
was  never  designed  to  be  a  thorn  in  the  flesh  of  the  makers  of  pris- 
matic glass,  yet  such,  I  fear,  it  has  been  for  some  time  past.  The 
fact  that  a  cheap  rolled  glass  can  be. of  merit  as  a  dijGf using  medium 
seems  to  be  beyond  the  belief  of  the  makers  of  the  carefully,  moulded 
prisms.  The  relative  eflSciency  of  the  rib  and  the  prism  is  largely 
dependent  upon  the  size  of  the  sky  angle  to  which  they  are  exposed, 
and  the  depth  of  the  room  which  they  are  to  light.  If  the  light  came 
from  one  point  in  the  sky,  and  was  to  be  used  at  only  one  point  in  the 
room,  the  angular  prism  of  precise  form  would  unquestionably  be  of 
the  greatest  value,  and  it  is  in  the  cases  where  those  conditions  are 
most  nearly  true  that  the  prism  finds  its  greatest  field  of  usefulness. 
But  in  cases  where  the  light  comes  from  a  broad  expanse  of  sky,  and 
is  desired  in  wide  diffusion  throughout  a  large  room,  it  is  not  easy  to 
define  the  action  of  the  different  types  of  rib  and  prism.  Stated 
broadly,  the  efficiency  of  the  rib  falls  off  more  rapidly  than  that  of 
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the  prism  as  the  sky  angle  decreases,  and  as  the  depth  of  the  room 
increases. 

Let  us  now  look  at  the  changes  which  we  may  bring  about  in  some 
particular  cases  by  the  use  of  diffusing  glass,  instead  of  plane  glass. 
Take  first  the  ordinary  Boston  type  of  school  room,  28  x  32  feet,  with 
windows  on  two  adjacent  sides.  We  have  two  conditions  to  consider, 
the  presence  or  absence  of  the  sun  at  the  window,  causing  a  great 
difference  in  the  amount  and  distribution  of  the  light.  Without  the 
sun,  we  find  ordinarily  that  the  half  of  the  room  nearest  the  windows 
is  fairly  well  lighted.  The  exception  is  the  occasional  city  school,  with 
its  tall  neighbors  in  close  proximity  to  its  too  few  windows.  It  is 
desirable  when  the  sun  is  not  shining  upon  the  windows  to  strengthen 
the  light  in  the  rear  half  of  the  room.  On  the  other  hand,' when  the 
sun  is  shining  through  the  windows,  the  half  of  the  room  farthest  from 
the  windows  is  fairly  well  lighted,  and  the  chief  source  of  complaint  is 
the  too  great  brightness  near  the  windows.  Resort  is  usually  had  to 
window  shades  of  greater  or  less  opaqueness  to  cut  off  the  light  as  a 
whole,  for  the  benefit  of  the  pupils  within  a  few  feet  of  the  windows. 
The  result  is  that  the  back  of  the  room  is  insufficiently  lighted  at  all 
times. 

Suppose,  however,  we  should  put  a  suitable  ribbed  or  prismatic 
glass  in  the  windows.  It  is  hardly  practical  to  so  adjust  the  glass  as 
to  give  to  those  near  to  and  far  from  the  windows  exactly  the  same 
strength  of  light,  but  the  ratio  of  intensities  may  readily  be  changed 
from  20  to  I,  to  2  to  i. 

Consider  the  case  of  a  large  mill  room  with  large  window  areas. 
We  are  here  much  less  concerned  with  the  amount  of  the  diffusion  from 
any  one  window,  since  the  number  of  windows  is  so  great  as  to  give  a 
satisfactory  diffusion  in  those  parts  of  the  room  which  are  within  20 
feet  of  the  windows.  The  ribbed  glass  and  prisms  act  in  such  a  room 
as  deflecting  devices,  to  carry  the  excess  of  light  near  the  windows 
bodily  back  into  the  middle  of  the  room.  I  have  in  mind  a  mill  with 
two  wings  of  a  similar  exposure.  One  is  glazed  with  plane  glass,  the 
other  with  diffusing  glasses,  and  on  any  cloudy  afternoon  you  may  find 
the  plane  glass  wing  all  gaslight,  while  the  other  is  amply  lighted  with 
diffused  daylight.  It  is  hardly  necessary  to  add  that  as  I  write,  the 
further  substitution  of  diffusing  glasses  is  being  carried  out  in  this 
mill. 
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In  the  large  city  stores  we  have  still  another  condition  of  affairs,  for 
here  we  meet  usually  with  a  deep,  narrow  room,  lighted  only  from  one 
end,  with  a  window  the  full  width  of  the  store.  We  may  usually  count 
on  finding  the  lower  half  of  the  window  obstructed  by  merchandise. 
The  city  store  rarely  has  more  than  a  limited  sky  angle.  The  one  thing 
eminently  suited  to  improve  the  light  here  is  the  prism,  especially  if  it 
can  be  set  in  canopies  over  the  sidewalk.  The  thousands  of  square  feet 
of  prisms  which  have  been  installed  within  the  last  four  years  in  the 
stores  of  our  large  cities  attest  the  real  commercial  value  of  this  device 
for  this  work. 

In  offices  and  in  small  rooms  we  have  still  another  set  of  conditions 
to  meet.  Except  where  the  sky  angle  is  very  small,  we  need  here 
essentially  a  diffusion  of  as  wide  an  angle  as  possible,  with  a  much 
less  regard  for  the  upward  tipping  of  the  beam.  We  find  here  that 
the  glasses  worked  with  a  raised  pattern  are  of  especial  value.  Some 
of  them  are  of  pleasing  appearance,  and  are  known  as  "  Florentine," 
**  Maze,"  "Arabesque,"  and  "  Figured  "  glass.  There  are  many  others 
by  several  makers,  but  these  are  typical  of  the  whole  class. 

Skylights  have  long  been  a  source  of  trouble  when  the  sun  strikes 
full  upon  them,  but  the  substitution  of  a  diffusing  glass  scatters  all 
about  the  room,  and  puts  to  good  use  the  light  which  otherwise  fell  so 
strongly  upon  some  one  spot  as  to  make  imperative  the  use  of  some 
sort  of  an  opaque  shade. 

It  is  to  be  regretted,  but  it  is  certainly  true  that  strong  objection  is 
often  made  to  the  "  shut  in  "  feeling  which  some  people  experience  in 
rooms  glazed  wholly  with  diffusing  glass.  Repeated  legislative  action 
has  been  urged  to  prohibit  the  use  of  this  glass  in  factories,  and  as  a 
result  it  is  now  customary  to  confine  the  use  of  diffusing  glasses  to  the 
upper  sash.  A  more  serious  objection  comes  from  the  unpleasant  and 
often  unbearable  glare  of  the  glass  when  in  the  bright  sunlight.  The 
prisms  are  especially  bad  in  this  respect,  but  a  remedy  may  be  found 
even  with  them,  in  the  use  of  a  thin  white  cloth  shade,  to  be  drawn 
only  when  the  sun  strikes  the  window.  We  thus  have  the  light  at  its 
maximum  in  dull  weather,  and  can  yet  temper  its  brightness  when  it 
is  necessary  to  save  the  eyes  of  those  working  in  direct  line  with  the 
light. 

The  substitution  of  ribbed  or  figured  sheet  glass  for  plane  gives  rise 
to  no  new  mechanical  problems,  but  the  setting  of  the  prisms  in  small 
tiles  has  called  for  a  great  expenditure  of  time  and  money.     It  is  not 
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quite  certain  that  the  present  methods  of  holding  the  small  tiles  in 
metal  frames  by  means  of  a  cement  filling  or  by  an  electrolytic  deposit 
of  copper  are  wholly  satisfactory.  The  one  is  not  easy  to  make  tight 
while  the  other  is  so  close  a  fit  that  the  greatest  care  in  relieving  the 
frame  from  all  strain  is  necessary,  or  the  tiles  become  cracked  or  broken. 
The  chief  reason  for  making  the  prisms  in  small  tiles  has  been  hereto- 
fore the  difficulty  of  rolling  large  sheets  of  prisms  without  deforming. 
The  use  of  glass  in  large  sheets  for  canopies  over  the  sidewalks  is 
prohibited  by  considerations  of  the  safety  of  those  passing  underneath, 
so  small  tiles  in  stout  metal  frames  must  continue  to  be  used  for  this 
work. 

The  action  of  prisms  when  set  in  canopies  over  a  window  is  two-fold : 
first,  as  in  the  ordinary  setting,  to  give  an  upward  tip  to  the  light ;  and 
second,  to  actually  send  through  the  window  more  light  than  would 
otherwise  enter  through  it.  Especially  in  narrow  streets  where  the 
angle  at  which  the  light  strikes  the  vertical  is  small,  a  canopy  projecting 
into  the  street,  even  if  of  no  greater  area  than  the  window  will  have 
incident  upon  it  much  more  light.  Being  composed  of  total  reflecting 
prisms,  a  canopy  throws  into  a  room  almost  all  the  light  which  falls 
upon  it.  Unlike  the  vertical  prisms  which  are  active  by  virtue  of  their 
refractive  power,  these  total-reflection  prisms  have  uppermost  the  surface 
through  which  the  light  enters,  and  they  are  more  seriously  affected  by 
accumulations  of  dust  and  dirt. 

The  diffusion  of  direct  radiant  heat  from  the  sun  or  from  the  sky 
follows  much  the  same  lines  as  in  the  case  of  light,  but  so  large  a  pro- 
portion of  the  heat  which  enters  a  room  comes  in  ways  other  than  by 
direct  radiation,  that  the  main  effect  of  the  diffusing  glasses  is  to  pre- 
vent the  local  overheating  of  those  portions  of  a  room  which  are  exposed 
to  direct  sunlight. 

The  criticism  which  has  been  offered  several  times,  that  the  use  of 
glass  which  prevents  the  direct  entrance  of  beams  of  sunlight  was 
injurious  to  the  health  of  those  living  in  rooms  so  glazed,  is  of  course 
sheer  nonsense.  The  action  which  light  has  upon  disease  germs  can  be 
operative  as  well  through  a  diffusing  glass  as  through  plane  glass. 

In  conclusion,  we  may  safely  predict  a  field  of  usefulness  for  the 
diffusing  window,  in  improving  the  ligh^  in  many  rooms  now  dimly 
lighted,  in  making  profitable  the  construction  of  rooms  of  greater 
depth,  and  in  allowing  of  the  closer  approach  to  one  another  of  tall 
buildings,  with  a  resulting  economy  in  land. 
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TRADE     WITH    EUROPE. 

\\H  WILLIAM  H.  LINCOLN. 
Read  January  14,  iQOt. 

I  HAVE  been  requested  to  speak  to  you  this  evening  upon  our  export 
freight  to  Europe,  or  as  I  shall  interpret  it,  our  commerce  with  Europe. 
It  will  be  my  purpose,  so  far  as  I  am  able,  to  divest  the  subject  of  dry 
statistics  and  to  explain  the  nature  of  this  trade,  the  great  develop- 
ments that  have  taken  place,  and  the  rapid  growth  under  favorable 
conditions.  It  is  this  trade  that  has  given  such  wonderful  prosperity  to 
the  country  during  the  past  three  years,  that  put  in  motion  all  the 
wheels  of  industry,  that  has  brought  large  earnings  to  our  great  railway 
lines,  that  has  made  money  so  abundant  and  created  vast  wealth  for  this 
country.  It  will  be  interesting  and  profitable  to  trace  the  source  of 
these  great  benefits.  It  is  a  large  subject,  capable  of  almost  indefinite 
expansion,  of  widest  scope,  and  it  will  be  possible  only  to  deal  with  the 
most  important  branches  of  the  trade.  I  am  sure  there  is  no  more  use- 
ful, interesting,  or  fascinating  study  than  that  which  relates  to  the  origin 
and  growth  of  a  trade  with  foreign  peoples. 

The  character  and  extent  of  the  commerce  of  a  people  determine 
in  a  great  measure  its  influence  in  the  world,  and  upon  it  depend  its 
wealth  and  prosperity.  The  first  steamship  that  crossed  the  Atlantic 
started  from  New  York  for  Liverpool  as  far  back  as  in  1 8 19.  This  event 
was  the  forerunner  of  a  new  era  in  trade,  revolutionizing  former  meth- 
ods. And  what  progress  has  been  made  since  that  time  I  From  wood 
to  iron  and  steel,  from  sail  to  steam,  from  small  craft  to  monsters  of 
the  deep,  the  ocean  is  now  but  a  river,  and  the  mighty  steamships 
serve  as  a  bridge  to  cross  it.  The  terrors  of  the  sea  hardly  have  any 
existence,  so  swift,  so  certain  have  become  the  passages  across  it.  The 
electric  telegraph  —  the  cable,  have  brought  the  remotest  corners  of 
the  earth  to  our  doors.  Space  and  time  are  annihilated ;  merchandise 
is  bought  in  this  country ;  the  freight  engaged  from  point  of  shipment 
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in  the  West  to  its  destination  in  Europe,  and  within  a  few  hours  sold  in 
Europe  at  a  price  to  yield  a  small  commission  —  a  fraction  of  a  cent  per 
bushel  on  grain.  What  facilities  for  human  intercourse,  for  the  trans- 
action of  the  business  of  the  world,  and  requiring  improved  methods, 
a  firmer  grasp  of  situations,  a  keener  insight,  more  enterprise,  more 
effort,  and  greater  sagacity.  The  strife  is  more  earnest,  and  compe- 
tition closer.  The  country  has  been  startled  by  the  enormous  growth 
of  our  export  trade.  The  statistics  have  not  been  compiled  for  the 
entire  year  past,  but  I  am  able  to.  give  them  for  the  eleven  months  of 
1900.  The  total  imports  were  $760,000,000,  of  which  $139,000,000 
were  from  the  United  Kingdom,  and  $93,000,000  from  Germany. 

The  exports  were  $1,380,000,000,  of  which  the  United  Kingdom 
received  $535,000,000,  and  Germany  $179,000,000,  so  that  it  will  be 
seen  that  the  United  Kingdom  purchased  of  us  $400,000,000  in  excess 
of  our  purchases  from  them,  and  this  in  eleven  months.  It  is  safe 
to  say,  as  December  is  an  active  month,  that  the  United  Kingdom  be- 
comes our  debtor  to  the  extent  of  $500,000,000  per  annum.  As 
might  be  expected,  our  exports  consist  of  food  products  and  raw 
material.  England  is  becoming  more  and  more  dependent  upon  other 
nations  for  her  food  supplies,  and  with  this  country  now  entering  upon 
a  period  of  close  competition  in  the  markets  of  the  world  in  manu- 
factured goods,  it  would  seem  that  she  has  nearly  reached  the  maxi- 
mum of  population  she  will  be  able  to  support.  Just  here  it  may  be 
interesting  to  note  that  the  United  States  produces  | 

80  per  cent,  of  the  world's  cotton. 
SO  per  cent,  of  the  world's  corn. 
25  per  cent,  of  the  world's  wheat. 
30  per  cent,  of  the  world's  meat. 
30  per  cent,  of  the  world's  iron. 
40  per  cent,  of  the  world's  steel. 
Z^  per  cent,  of  the  world's  coal. 

and  more  startling  than  all,  her  manufactured  product  is  greater  than 
England,  France  and  Germany  combined.  Our  export  of  manufactured 
goods  amounted  to  $25,000,000  monthly  in  1898,  now  increased  to 
$40,000,000.  In  thirty  years  our  manufacturcjd  output  has  increased 
from  $3,700,000,000  to  $13,500,000,000.  These  facts,  indeed,  fix  our 
status  to  be  the  superior  and  favored  nation  of  the  world.  Let  us  now 
examine  somewhat  in  detail  our  trade  with  Europe,  and  these  facts 
relate  to  eleven  months  of  business. 
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GRAIN    EXPORTS. 

Corn,  152,000,000  bushels,  value,  <67,0.)0,000.  \  To  the  United  Kingdom,  $32,000,000. 

Wheal,  80000  000  bushels,  value,  $58,000,000.  To  the  United  Kingdom,  $42,000,000. 
Oats,  30,000,000  bushels,  value,  $9,000,000. 

Flour,  11,500,000  barrels,  value,  $43,000,000.  To  the  United  Kingdom,  $39,000,000. 

Cotton.  6,000.000  bales,  value,  $260,000,000.      i  '^^ ^^^  ^'"^*^^  Kingdom.  $120,000,000. 

\        Germany,  $68000.000. 

The  supremacy  of  the  United  States  as  the  greatest  contributor  to 
the  world's  meat  supply,  the  fact  that  our  exports  greatly  exceed  that  of 
any  other  country,  that  our  animal  product  is  second  only  in  importance 
to  cereal  culture,  render  the  study  of  this  product  of  unusual  interest. 
The  intimate  connection  between  livestock  and  corn  must  be  borne  in 
mind  in  order  to  understand  the  full  import  of  the  meat  trade.  It  is 
estimated  there  are  40,000,000  swine  slaughtered  in  the  United  States 
in  a  year,  and  in  the  raising  of  these  there  is  a  consumption  of  800,- 
000,000  bushels  of  corn,  or  one-third  the  entire  crop. 

As  will  be  seen  by  the  figures,  England  is  the  largest  consumer  of 
our  meat  products  ;  in  fact,  nearly  the  whole  of  this  business  is  confined 
to  that  country.  The  chief  feature  of  the  meat  importation  into  Great 
Britain  has  been  the  change  from  the  importation  of  salted  to  that  of 
fresh  meat.  From  1871  to  1898,  the  quantity  of  salted  meat  declined 
over  25  per  cent.,  while  that  of  fresh  meat  increased  almost  140  fold. 
Importation  of  hams  into  the  United  Kingdom  has  also  been  marked  by 
a  rapid  displacement  of  Danish  and  German  hams  by  the  American 
product.  In  1871  Holland  and  Germany  furnished  33  per  cent,  of  the 
total  amount  as  compared  with  57  per  cent,  from  the  United  States. 
In  1 891  the  percentage  was  one-third  of  i  per  cent.,  and  that  of  the 
United  States  98  per  cent.  Since  that  time  the  trade  has  been  monop- 
olized by  the  United  States  and  Canada.  The  United  States  furnished 
94  per  cent.,  and  Canada  6  per  cent,  in  1898.  In  the  exportation  of 
mutton  to  Great  Britain,  we  have  taken  no  part.  Of  the  total  importa- 
tion of  1898,  3,314,000  hundred  weight,  valued  at  $24,000,000,  57  per 
cent,  was  furnished  by  Australia,  33  per  cent,  by  Argentina,  and  8  per 
cent,  by  Holland.  In  this  connection  it  may  be  interesting,  especially 
as  connected  with  the  wool  supply,  to  note  that  it  is  computed  that 
there  are  1 10,000,000  sheep  in  Australasia,  74,000,000  in  Argentina, 
and  38,000,000  in  the  United  States.  The  carcasses  are  frozen  at 
point  of  shipment,  and  shipped  by  steamers  especially  fitted  for  the 
business. 
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FRESH    MEAT. 

The  shipment  of  fresh  meat  furnishes  a  striking  illustration  of  how 
a  trade  can  be  created  and  increased  by  the  adoption  of  improved  meth- 
ods. The  first  shipment  of  fresh  meat  from  this  country  was  made  in 
1876  to  Liverpool.  The  system  of  refrigeration  adopted  was  crude  as 
compared  with  that  now  in  use.  Ordinary  ice  boxes  were  constructed, 
and  these  were  replenished  with  ice  during  the  voyage.  The  meat  fre- 
quently landed  in  a  damaged  and  mouldy  condition,  especially  in  hot 
weather,  causing  large  losses  to  shippers.  The  people  were  naturally 
prejudiced  against  American  meat  transported  such  a  distance,  and  it 
required  many  years  of  persevering  effort  and  greatly  improved  methods 
of  transportation  to  overcome  that  prejudice.  Many  years  passed  before 
the  ammonia  process  of  cooling  the  refrigerators  was  perfected.  There 
is  now  no  complaint  in  regard  to  the  condition  of  the  meat  on  arrival. 
The  shippers  have  established  their  own  meat  shops  in  the  large  centres 
of  trade  in  the  Kingdom,  and  the  trade  is  now  conducted  at  a  saving  in 
expense  and  with  greater  efficiency.  There  are  now  shipped  on  many 
of  our  large  steamships  5,000  quarters  of  beef,  the  equivalent  of  1,250 
head  of  cattle.  This  trade  has  become  of  great  importance  to  the 
steamship  lines  and  to  the  country. 

In  recent  years  Australian  beef  has  vigorously  competed  with  the 
American  product,  and  it  now  forms  20  per  cent,  of  the  whole  product. 
The  statistics  for  the  eleven  months  of  1900  arc  as  follows  : 

EXPORTS. 

Bacon, 410,000.000  lbs.,  val., $32,000,000.   United  Kingdom,  $27.000 OX)    Germany,  $1,300 000. 
Hams,  168  000.000  lbs.,  val.,  $18,000,000.   United  Kingdom,  $17,000,000.   Germany,  $200  000. 
Pork,  107,000,000  lbs.,  val.,  $7,000,000-    United  Kingdom,  $5.00000;).    Germany,  $550,000. 
Lard,  480,000,000  lbs.,  val.,  $32,000,000.    United  Kingdom.  $12,000,000.  Germany,  11.000,00a 
Fresh  beef,  300,000.000  lbs.,  .val.,  $26,000,000,  all  to'the  United  Kingdom. 

Our  total  shipments  of  provisions  amount  to  $170,000,000,  and  in 
1889  they  were  $104,000,000.  Fresh  meat,  1890,  $13,000,000  ;  1899, 
$23,000,000. 

The  shipment  of  fresh  meat  has  caused  a  decline  in  canned  beef  and 
salt  beef.  The  exports  of  canned  beef  have  declined  from  $6,000,000 
in  1890,  to  $2,500,000  in  1899;  salt  beef  from  $4,200,000  in  1890  to 
$1,080,000  in  1899.  Oi^  th^  other  hand,  in  salt  pork  there  has  been 
an  increase  from  $4,700,000  in  1890,  to  $7,900,000  in  1899,  ^'^^  ^^^ 
pickled  pork   18,800,000  pounds  in  1890,  to  91,700,000  in  1899. 

To  illustrate  the  increase  in  lard  and  hams  exported  to  Europe : 
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Lard.  Hams. 

1890.  384,000,000  pounds.  1890.  $7,000,000. 

1899.  626.000.000  pounds.  1899.  19.000,000. 

In  butter  and  cheese,  nearly  all  of  which  is  for  Great  Britain,  there 
is  a  marked  decline,  especially  in  cheese:  1890,  $7,300,000;  1899, 
$2,000,000. 

No  doubt  this  has  been  caused  in  part  by  improper  or  careless 
management  of  the  business.  The  packages  in  which  cheese  is  shipped 
are  very  frail,  incapable  of  much  handling,  and  as  a  consequence  they 
are  landed  in  bad  condition,  and  the  contents  suffer  damage.  Then 
in  the  summer  season  these  articles  deteriorate,  and  unless  shipped  in 
refrigerators  are  delivered  out  of  condition. 

The  imports  into  England  of  our  provisions  are  rapidly  increasing 
with  increase  of  population,  and  also  because  the  consumption  per 
capita  has  increased  20  per  cent.  This  is  due  to  the  lower  price  ;  fresh 
meat  is  now  selling  at  one-half  the  price  it  was  before  our  meat  was 
imported. 

LIVE    ANIMALS. 

There  is  no  more  interesting  part  of  our  foreign  commerce  than 
that  relating  to  our  live  cattle  trade.  In  1875  I  engaged  for  the  steamer 
San  Marcos  the  first  shipment  of  live  cattle  from  this  country  to 
Europe.  That  year  300  head  were  shipped,  and  we  have  been  exporting 
for  a  good  many  years  300,000  head  per  annum,  valued  at  $28,000,000, 
all  to  the  United  Kingdom.  The  increase  is  due  to  better  facilities,  im- 
proved fittings,  etc. ;  the  losses  used  to  be  heavy  at  times.  In  1889  the 
Argentine  Republic  began  to  export  in  competition  with  us,  so  that  in 
1898  there  were  exported  from  the  United  States  369,000  head,  or 
65  per  cent.,  and  Argentina  89,000,  or  16  per  cent.  Canada  also  ex- 
p<:)rts  live  cattle. 

It  is  interesting  to  note  the  changes  that  have  taken  place  in  the 
cattle  producing  countries  of  Europe.  In  187 1,  which  was  before  we 
exported  any  cattle,  the  total  imports  into  Great  Britain  were  218,000 
head.  Holland  was  easily  the  first  in  supplying  this  trade,  with  43  j^er 
cent.,  Germany  second,  with  31  per  cent,  of  the  whole.  The  traffic  was 
thus  essentially  a  Western  European  one,  and  the  sea  voyage  was  short. 
The  relations  of  these  countries  remained  approximately  the  same  for 
some  time  until  Denmark  increased  her  shipments,  and  after  1876  that 
country  became  the  chief  European  country  of  supply.     The  exports 
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from  Denmark,  however,  rapidly  declined  after  1883,  as  did  the  whole 
European  export  to  the  United  Kingdom,  and  entirely  ceased  in  1893. 
The  chief  feature  of  the  live  cattle  trade  has  been  the  shifting  of  its 
incidence  from  Europe  to  America. 

SHEEP. 

The  importation  of  live  sheep  into  Great  Britain  is  of  declining 
importance.  In  1878  892,000  head  were  imported,  and  in  1898 
664,000,  and  value  of  sheep  also  has  declined.  The  same  process 
took  place  as  in  the  case  of  cattle.  The  source  of  supply  is  now  from 
United  States,  Canada,  and  Argentina  —  the  latter  had  not  made  any 
shipments  until  1890  —  and  at  present  ships  64  per  cent,  of  the  entire 
quantity,  and  the  United  States  22  per  cent. 

HORSES. 

This  trade  is  of  comparatively  recent  origin,  principally  on  account 
of  the  low  prices  of  horses  in  this  country.  The  exports  the  past  eleven 
months  have  amounted  to  27,000,  valued  at  $4,000,000. 

LEATHER. 

I  have  taken  quite  an  interest  in  the  growth  of  this  trade,  because  it 
has  developed  from  very  small  beginnings.  The  first  shipments  were 
of  sole  leather,  and  now  we  export  largely  of  finished  leather.  We 
exported  last  year  27,000,000  pounds  of  sole  leather,  valued  at  Jf  5,000,- 
000,  of  which  England  took  4,500,000,  and  finished  leather  having 
a  value  of  $12,000,000,  of  which  $9,000,000  went  to  England.  We 
also  shipped  to  Europe  boots  and  shoes  valued  at  $1,250,000. 

ILLUMINATING     OIL. 

It  will  surprise  you  probably  to  hear  that  there  were  exported  from 
this  country  to  Europe  650,000,000  gallons  of  refined  oil  during  the 
past  year,  valued  at  $40,000,000,  and  112,000,000  gallons  of  crude 
oil,  valued  at  $6,000,000. 

MACHINERY. 

Included  in  our  exports  to  Europe  is  a  large  variety  of  manufactured 
goods,  machinery,  scientific  apparatus,  etc.  Sewing  machines,  $2,500,- 
000  ;  typewriting  machines,  $2,000,000 ;  telephone  and  electrical  appa- 
ratus, $4,500,000,  the  amount  having  doubled  in  two  years. 
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IRON    AND    COAL 

A  marvellous  change  has  taken  place  in  this  country  in  respect  to 
those  two  great  sources  of  national  wealth.  The  iron  ore  production 
in  1894  was  12,000,000  tons,  and  in  1899  it  was  24,000,000  tons,  as 
against  14,000,000  tons  in  Great  Britain.  Our  product  of  coal  was  230,- 
000,000  tons,  while  Great  Britain's  was  220,000,000  tons.  Our  total 
exports  to  Europe  of  products  of  iron  and  steel  were  $120,000,000: 
Steel  rails  to  Europe,  27,000  tons;  hardware,  $4,000,000;  structural 
iron  and  steel,  $3,500,000 ;  wire,  160,000,000  pounds,  $4,000,000. 
Agricultural  instruments  valued  at  $10,000,000  were  exported  to 
Europe.  These  figures  show  that  the  leadership  has  passed  to  the 
United  States  in  the  production  of  those  raw  materials  upon  which  the 
manufacture  of  iron  and  steel  depends.  Nearly  one-third  of  the  world's 
output  of  iron  ore  has  passed  to  the  United  States.  Not  only  that, 
but  the  prices  are  lower  in  this  country  than  in  Europe.  What  inter- 
pretation is  to  be  put  upon  these  facts  as  outlined  t  It  means  industrial 
power  at  home  and  commercial  prestige  abroad.  It  means  vast  increase 
of  national  wealth.  Hitherto  agricultural  products  have  been  our  main 
exports,  and  now  we  are  to  add  the  manufactured  products.  We  are 
only  at  the  beginning  of  our  resources.  The  turning  of  this  tide  marks 
the  end  of  the  old  and  the  beginning  of  a  new  era  in  our  history. 
Hitherto,  we  have  progressed  slowly  and  gradually.  That  progress 
has  been  marked  by  revulsions  in  trade,  —  advance  and  decline  — 
but  during  the  past  three  years  the  nation  has  advanced  by  leaps  and 
bounds,  and  we  have  become  the  great  commercial  nation  of  the  world  ; 
not  by  accession  of  foreign  territory,  but  by  the  development  of  our 
ow^n  resources.  The  enormous  wealth  that  has  been  poured  into  this 
country  has  led  to  great  industrial  development.  Companies  with 
capital  of  hundreds  of  millions  have  been  created,  and  the  result  is 
increased  production  at  minimum  cost. 

I  cannot  close  without  referring  to  one  branch  of  industry  in  which 
we  have  been  sadly  deficient  —  ship-building  and  our  merchant  marine. 

There  are  dangers  that  will  confront  us.  The  history  of  other 
nations  that  have  been  great  and  powerful  in  their  day  rev^eals  to  us  the 
effects  of  the  intoxication  of  success,  and  the  demoralizing  influences  of 
luxury  and  wealth.  The  two  great  counteracting  forces  that  are  at 
work  in  this  country,  and  that  will  enable  us  as  a  people  to  overcome 
the  temptations  that  beset  us,  and  to  pass  through  the  ordeal  in 
triumph  and  safety,  are  education  and  religion. 
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ON   THE  DRAINAGE,   RECLAMATION  AND    SANITARY 

IMPROVEMENT  OF  CERTAIN  MARSH  LANDS  IN 

THE  IMMEDIATE    VICINITY   OF  BOSTON,^ 

By  WILLIAM  LYMAN  UNDERWOOD,  Lecturer  in  the  Massachusetis  Institute 
OF  Technology,  and  Member  of  the  Board  of  Health  of  Belmont. 

It  has  long  been  recognized  that  the  existence  of  **  wet,  rotten  and 
spongy  lands  "  in  the  near  neighborhood  of  towns  and  cities  may  con- 
stitute a  menace  to  the  public  health,  and  special  attention  has  been 
drawn  to  such  areas  within  the  last  three  years,  since  it  has  been  estab- 
lished with  tolerable  certainty  that  the  mosquitoes  for  which  they  too 
often  furnish  a  breeding  place  may  become  effective  vehicles  of  malarial 
or  intermittent  fever.  In  almost  every  town  in  the  state  are  to  be  found 
undrained  areas  of  wet,  sour  and  swampy  lands  which  in  many  ways  are 
a  nuisance  and  more  or  less  injurious  to  the  public  health.  Pools  of 
stagnant  water  are  frequently  found  upon  them,  in  which  may  be  bred 
myriads  of  mosquitoes  whose  existence  in  any  neighborhood  is  a  dam- 
age quite  apart  from  the  fact  that  they  may  in  all  probability  become 
the  effective  carriers  of  the  germs  of  intermittent  fever. 

From  such  areas  arise  foul  odors  of  decaying  vegetation,  and  in  the 
colder  months  of  spring  and  fall  the  air,  heavily  laden  with  moisture, 
tends  to  impart  to  the  surrounding  neighborhood  a  cold  and  penetrating 
chill  detrimental  to  the  public  health.  Frequently  these  lands  cover  a 
very  large  tract  whose  ownership  is  divided  among  many  individuals  ; 
very  often  the  territory  may  cover  lands  lying  in  separate,  though  con- 
tiguous, towns. 

The  question  arises,  how  can  these  conditions  be  remedied  or  the 
dangers  from  them  be  minimized }  If  it  is  possible  to  drain  the.se 
spongy  lands  and  so  bring  the  soil  back  to  a  sweet  and  wholesome  con- 
dition, who  is  to  do  the  work,  and  at  whose  expense  is  it  to  be  done } 
An  individual  owner  generally  cannot  work  to  advantage  unless  he  has 
the  cooperation  of  his  neighbors.     How  to  bring  about  a  unanimity  of 
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purpose  and  action  on  such  a  question  is  often  a  very  difficult  problem 
to  solve,  especially  when  it  involves  the  possibly  conflicting  interests  of 
two  or  more  different  towns.  While  it  may  in  most  instances  be  impos- 
sible to  obtain  concerted  action  through  individuals,  there  is  fortunately, 
if  properly  applied,  a  method  by  which  much  good  may  be  effected,  and 
that  is  through  the  local  Board  of  Health  —  if  the  lands  in  question  lie 
within  one  town  —  or  by  the  united  action  of  the  Boards  of  Health  of 
two  or  more  towns  whose  interests  are  involved,  provided  it  can  be 
shown  that  the  areas  in  question  are  detrimental  to  the  public  health. 
The  laws  which  the  State  of  Massachusetts  has  enacted  to  deal  with 
such  conditions  are  positive  and  plain,  and  briefly  as  follows  : 

Lands  which  are  wet,  rotten  and  spongy,  and  offensive  to  persons 
residing  in  their  vicinity,  or  which  are  injurious  to  the  public  health, 
may  be  deemed  a  nuisance,  and  upon  a  hearing  and  {petition,  such  nui- 
sance may  be  abated.  A  Board  of  Health  may  also  determine  who 
shall  bear  the  expense  of  making  such  improvements  and  the  /keeping 
of  them  in  repair,  whether  it  shall  be  the  city,  town,  or  j^ersons,  bene- 
fited thereby. 

As  a  single  illustration  of  what  has  already  been  accomplished  along 
these  lines  in  one  case,  and  to  show  that  still  further  steps  seem 
absolutely  necessary  for  the  safety  of  the  public  health,  a  tract  of  terri- 
tory will  be  considered,  situated  within  five  miles  of  the  State  House 
in  Boston,  lying  in  and  between  the  cities  of  Cambridge  and  Somer- 
ville,  and  the  towns  of  Arlington  and  Belmont,  and  known  as  the 
**  Fresh  Pond  Marshes."  It  is  the  purpose  of  this  pa|xir  to  describe 
and  illustrate  the  condition  of  these  marshes  as  they  now  exist,  and 
as  they  existed  before  certain  sanitary  improvements  recently  made  by 
the  Boards  of  Health  of  Belmont  and  of  Cambridge  had  been  carried 
out.  In  order  to  give  a  clear  idea  how  these  conditions  were  brought 
about,  it  will  be  desirable  to  state  a  few  facts  concerning  the  early 
history  of  the  Fresh  Pond  Marshes. 

In  1856  the  Cambridge  Water  Company  first  began  to  use  the 
waters  of  FVesh  Pond  for  the  city  supply,  and  their  charter  also  granted 
them  the  right  to  take  the  waters  from  Little  and  Spy  Ponds  and  Well- 
ington Brook.  During  that  year  F.  W.  Bardwell  (a  member  of  the 
Lawrence  Scientific  School)  was  employed  to  ascertain  the  amount  of 
water  available  for  the  city's  use.  He  made  careful  calculations  and 
found  that  the  average  discharge  from  Fresh  Pond  and  through  Alewife 
Brook  (see  map)  was  a  little  over  2,000,000  gallons  daily.     From  Spy 
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and  Little  Ponds  and  Wellington  Brook,  it  was  about  10,000,000  gal- 
lons daily.  He  reported  that  by  building  a  dam  across  the  culverts 
under  the  Lexington  Branch  Railroad  the  waters  from  these  ponds  and 
the  brook  could  be  forced  back  into  Fresh  Pond.  It  is  not  clearly 
shown  just  when  Fresh  Pond  began  to  be  supplied  in  this  way,  but 
it  was  probably  sometime  before  it  became  necessary  to  do  so.  In  a 
report  of  1870,  however,  the  following  appears: 

"  A  new  gate  and  gatehouse  have  been  built  at  the  outlet  of  Fresh 
Pond,  and  flashboards  have  been  erected  on  Alewife  Brook  where  it 
passes  under  the  Lexington  Branch  Railroad.  These  flashboards  were 
rendered  necessary,  not  only  to  secure  the  water  flowing  from  Spy  and 
Little  Ponds,  by  conducting  it  into  Fresh  Pond,  but  also  to  enable  the 
fish  to  escape  from  the  pond  to  the  ocean.  There  had  been  no  water 
flowing  from  Fresh  Pond  for  several  months,  while  there  was  a  constant 
flow  from  Spy  and  Little  Ponds.  By  the  dam  at  the  railroad  crossing, 
the  tide  is  effectually  shut  out  from  all  the  ponds,  and  the  water  from 
Spy  and  Little  Ponds  is  carried  directly  into  Fresh  Pond." 

This  system  was  evidently  used  until  1873,  when  two  sewers  were 
allowed  to  empty  into  Alewife  Brook  —  one  at  Spruce  Street,  and  an- 
other at  Concord  Avenue.  In  order  to  avoid  contamination  of  the  water 
supply  of  Cambridge  by  their  sewage,  the  outlet  of  Alewife  Brook  was 
then  permanently  closed  by  filling  in  with  dirt,  and  sheet  piling  was 
driven  in  across  the  brook  at  Concord  Avenue.  As  a  further  safeguard, 
tide-gates  were  built  at  Broadway  in  Somerville,  to  prevent  the  tide- 
water from  backing  the  sewage  upon  the  meadows.  As  Cambridge, 
however,  could  not  afford  to  lose  the  amount  of  water  which  she  had 
been  getting  from  Little  and  Spy  Ponds  and  Wellington  Brook,  she 
built  in  1875  a  conduit  to  carry  this  supply  directly  from  those  ponds 
and  Wellington  Brook  into  Fresh  Pond.  (This  is  shown  upon  the  map.) 
For  a  number  of  years  this  system  appeared  to  be  satisfactory  ;  but 
with  the  rapid  increase  in  the  population  of  Cambridge,  it  soon  became 
evident  that  a  larger  water  supply  was  necessary.  It  also  became  clear 
that  the  conduit  water  was  being  badly  polluted,  for  Wellington  Brook, 
with  its  drainage  area  of  2,500  acres  (the  greater  part  in  a  state  of  high 
cultivation  and  heavily  manured),  was  becoming  a  serious  danger.  In 
1879  the  Cambridge  Water  Board  had  borings  made  all  over  the  terri- 
tory between  the  meadows  and  Fresh  Pond.  As  a  result  they  found 
a  rapid  undercurrent  of  water  setting  from  the  marshes  to  the  pond, 
and  in  their  report  for  that  year  they  stated  that  it  was  very  important 
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Fig.  I. — A  lo  inch  pipe  located  ill  llelmont,  700  feet  (rora  the  Cambridge 
line.  Through  this  pipe  was  flowing,  on  July  27,  19CO,  all  the  waier  from  Welling, 
ion  Brook  is.  that  time.  The  bridge,  on  Hittinger  Street,  was  being  repaired 
and  ihe  water  was  temporarily  cared  for  in  this  way.  It  will  be  seen  that  a 
much  smaller  pipe  would  have  answered  the  purpose.  (Com[>are  this  with 
Figure  4  taken  on  the  same  day.) 


Wil/iin'i  Lyv. 


Flc.  i.^— Looking  soulheast,  from  bridge  on  Hillinger  Street,  July  27,  1900;  showing 
pool  ii)  Belmont  into  which  (he  waier  from  the  lo-iiieh  pipe  shown  in  Figure  i  was  flowing. 
This  pool  was  3  feel  deep,  and  well  indicates  the  lack  of  pro|)er  drainage. 
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Pic  ;./.  — The  same  place  shown  in  Figure  2,  Nov.  22.  1900.  and  afler  heavy  rains. 
ll  will  be  seen  how  the  water  has  beoii  lowered  in  spile  of  the  rains  and  drann  oFf  by  simply 
clearing  out  the  channel  in  Cambridge  territory.  On  the  right  bank  will  be  noticed  the  roots 
of  the  rushes  which  are  to  be  seen  in  K^ure  t  growing  luxuriantly. 


Wiiliam  Lyman   Underwood. 


FiC,  3.  —  July  J7,  1900,  looking  east  from  Welliiiglim  Slreet,  Tlie  channel  of  Wclling- 
loii  Hrook  is  filled  vrilli  rushes.  Within  half  a  mile,  in  Helmoiit,  is  a  schoolhouse  from 
which  (here  are  more  absences  restively  from  sickness  than  from  any  other  school  in  Ihat 
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Via.  yi.  —  November  22,  1900,  the  same  view  as  in  Figure  3,  bui  afitr  ihe  n 
nel  bad  lieen  made. 


IVi/lhm   Lyman    Undertvood. 


Fic;.  4.  —  July  i;,  1900;  s  4-foot  jiipe  and  culvert  uiiiier  ihe  Filchburg  Rail- 
road and  Central  Masaachuseits  tracks,  i.ioo  feet  below  the  lo-inch  pipe  shown 
in  Figure  t.  This  pipe  was  standinfr  almost  full  of  water ;  while  the  lO-inch  pipe 
further  up  the  stream  was  not  half  filled,  though  carrying  all  the  flow  of  Wel- 
lington Brook.  At  the  loner  end  of  the  culvert  rushes  were  growing  and  filling 
the  channel.  These  and  other  obstructions  further  down  the  stream  were  holding 
the  water  back  and  keeping  the  pipe  full. 
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Fig.  4a.—  November  JJ,  1900,  frum  the  same  point  as  Figure  4,  but  after 
the  channel  had  been  cleaned  out.  It  will  be  seen  that  the  pipe  is  but  half  full 
of  waler,  though  the  view  was  taken  after  a  heavy  rainfall.  When  the  brook  was 
first  cleared  out,  there  were  only  five  inches  of  water  flowing  through  the  culvert. 


Lyman    Vndcnvood. 


F[0  5. — July  J7,  jgoo.  An  obstruction  of  willow  irees  growing  directly  in 
the  Ijed  of  Wellington  brook.  The  aurface  of  the  tt'ater  is  covered  wilh  a  tliick 
scum  of  duckweed,  wilb  the  exception  of  the  dark  space  \\\  the  centre,  into  which, 
just  before  the  picture  was  taken,  a  sione  had  been  thrown. 
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Fio.  511.  —  November  zi.  1900.  From  tha  a«me  point  as  F^ure  j,  but 
showing  the  new  channel.  Just  beyond  the  willow  tree  and  to  the  left,  was 
situated  formerly  the  gateway  that  carried  the  water  through  the  conduit  into 
Fresh  Pond.     (See  map.) 


Fig.  6,  — July  17,  1900.  A  sUgnanl  paol.  Ihe  surface  of  uhkh  was  cuv 
with  green  scum.  AClet  Ihe  new  channel  was  ccinslrucled  this  |iiiul  was  luvv 
aluut  I  feet.  In  the  winter  of  iE9()-i900.  un  a  number  uf  occasions,  the  wat 
this  vicinity  rose  so  high  that  it  covered  the  roails  and  prevented  children  li 
at  Blair's  house  (see  map)  from  attending  school. 
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FiG.  7.  — July  27,  1900.  The  moulh  of  WelKiigluii  brook  where  it  enters 
Ultle  River.  From  this  point  to  Wellington  Street  the  new  channel  was  con- 
structed.    It   will   be  seen,  by  referring  to  the  map,  that  here  the  stream  had 

become  com|)leteiy  obstructed.     For  some  distance  the  water  of  tlie  liroolt  had 

to  soak  its  may  through  the  soil  to  Little  River. 


IViUiitm  Lytnait   Undcrwooa. 


Fjg.  8.  —  December  8,  1900;  looking  east,  and  showing  conditions  siill  ejiisting  at  the 
worst  spot  on  the  marshes.  In  this  section  there  are  6;  acres,  bounded  on  the  north  by 
the  tracks  o£  the  Fitchburg  Railroad ;  on  the  east  by  tlie  tracks  to  the  factory  oE  the  Bos- 
ton Packing  and  Provision  Co. ;  on  the  south  by  Concord  Avenue ;  and  on  the  west  by 
high  land,  —  from  which  this  view  was  taken.  Most  of  this  lenitory  is  under  water  through- 
out the  entire  year.  Formerly,  the  greater  part  of  it  was  covered  with  a  growth  of  maple 
trees  ;  but  these  have  all  been  killed  by  the  graduaJly- rising  water.  At  points  A  (see  map, 
directly  under  6)  and  B  (more  to  the  right)  culverts  used  10  drain  this  section  into  Wel- 
lington Brook;  but  now  these  waterways  have  been  tilled  in  and  the  only  outlet  is  at  C 
(see  map,  point  on  railroad  tracks  north  of  Artilicial  Pond).  From  the  north  side  of  the 
Fitchburg  Railroad  tracks,  at  this  point,  Che  water  hai  to  find  hs  way  across  the  marshes 
as  best  it  can,  for  there  is  no  channel  for  it. 
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Fig.  9.  — The  old  tide-gate  house,  W   Broadway,  in   SomervUle;   built  tn  187a  and 
abandoned  in  1S96. 


Fig.  10.  —  Looliing  north  from  Towder  House  Boulevard,  and  showing  marshes 
between  Broadway  and  the  Myslic  River.  If  tide-gates  were  constructed  at  the  point 
where  the  foot-bitdge  crosses  AlewiFe  Brook  (see  map)  near  its  junction  with  the  Mystic 
River,  Ma  marsh  land  could  be  changed  into  a  lagoon,  in  which  the  biooli  waters  could  be 
stored  during  the  period  of  high  liiie  in  the  river.  liy  this  means  it  is  probable  that  the 
water-table  of  the  Fresh  Pond  marshes  could  be  Inwered  3  feet. 


The  shore  at  Artificial  Pond.     (See  map.) 


view  near  the  marshes,  showing  the  agricullural  jiossibilili 
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KlC.  13.  —  The  iinreddimed  portion  iif  the  marshes  t»  U  exists  lodav.  Looking  south- 
east from  (he  Massachusetts  Ceiitol  tracks.  December,  1900.  Wilhin  half  a  mile  of  this 
snampy  area  there  are  located  [.r6i  (Iwellmg  hout^es  ;  izS  of  these  are  in  Belmont,  201  in 
Arlington,  307  in  Somerville,  and  525  in  Cambridge. 


William  Lyman   Undci'wood. 


Flc.  14.  ^—  Looking  easi  along  the  souch  batik  of  Wellington  lirook,  in  Bclmoni,  about 
a  quarter  of  a  mile  above  ihe  [joint  where  it  passes  under  Concord  Avenue,  The  brook 
is  hidden  by  the  shrubbery  to  the  left.  In  Ibe  lower  right-band  corner  is  seen  a  portion  of 
a  lily  ])ond,  and  in  the  background  is  a  meadow  kept  sweet,  dry  and  fertile  by  means  of 
proper  drainage. 
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Kio.  15.  —  The  lily  |>oDd,  a  pari  of  which  is  shown  in  Figure  14.  Here  am 
grown  aquatic  plants,  including  sU  hardy  varieties  of  water  lilies  that  bloom  from 
May  to  October  and  require  110  special  care.  In  the  water  are  hundreds  o£  gold. 
hsh  that  fee^  upon  (he  larvzc  of  mosquitoes  and  serve  to  keep  this  insect  pest 
in  check.  In  such  ponds  these  fish  thrive  and  multiply,  surviving  even  the 
coldest  winters  of  the  locality- 
Figures  t4  and  15  illustrate  what  might  be  accomplished  on  Che  Fresh  Pond 
marshes  by  proper  drainage  and  care. 


JO  William  Lyman   Underwood, 

that  these  meadows  should  be  kept  clean  in  order  to  avoid  contamina- 
tion of  the  public  water  supply.  The  marshes  are  t6<lay  in  a  worse 
condition  than  they  were  then,  and  if  the  opinion  of  the  Water  Board 
was  correct,  must  still  menace  the  purity  of  the  waters  of  Fresh  Pond. 
To  avoid  further  contamination  and  to  meet  the  growing  demand, 
Cambridge  in  1887  began  to  take  its  main  supply  from  Stony  Brook 
in  Waltham,  and  Little  and  Spy  Ponds  and  Wellington  Brook  were 
abandoned  as  sources  of  water  supply. 

The  condition  of  the  meadows  at  this  time  from  a  sanitary  point  of 
\iew,  was  far  from  satisfactory.  Naturally,  the  channel  of  Wellington 
Brook,  through  disuse,  had  become  considerably  obstructed  below  the 
point  where  its  water  was  diverted  by  the  conduit.  Rank  weeds  and 
other  growing  vegetation  in  some  places  completely  filled  the  bed  of  the 
stream.  For  a  number  of  years  the  farmers  had  entirely  neglected 
the  land  in  this  vicinity.  Prior  to  1880,  and  as  long  as  the  ice  busi- 
ness of  Fresh  Pond  was  in  a  flourishing  condition,  these  marshes  were 
cared  for,  the  channels  of  the  brooks  were  annually  cleaned  out  and 
the  whole  meadows  thoroughly  ditched.  Heavy  crops  of  meadow  hay 
were  harvested  from  them  and  found  a  ready  market  with  the  ice  men, 
who  used  large  quantities  for  packing  in  their  ice  houses.  The  Fresh 
Pond  Ice  Company  alone  bought  lOo  tons  of  hay  a  year,  frequently 
paying  as  high  as  $20  a  ton  for  it.  In  1888  the  last  ice  house  was 
removed  from  the  pond,  and  from  that  time  until  the  present  (a  period 
of  some  twelve  years)  no  attention  has  been  paid  by  the  owners  to  the 
drainage  of  this  large  territory.  Year  by  year  the  water  has  been 
rising  higher  and  higher  upon  the  fields  until  stagnant  pools  have 
come  to  exist  all  summer  long,  and  offensive  odors  of  decaying  vegeta- 
tion are  given  off,  where  twenty  years  ago  crops  of  good  meadow  hay 
were  cut  annually.  Malaria  has  crept  in,  and  the  whole  district  has 
threatened  the  health  of  the  surrounding  towns.  It  was  this  condi- 
tion of  affairs  that  the  Board  of  Health  of  Belmont  was  called  upon 
to  investigate. 

It  was  at  once  apparent  that  the  town  by  itself  could  take  no  effect- 
ive steps  to  alleviate  the  trouble,  as  the  backing  up  of  the  waters  of 
Wellington  Brook  upon  Belmont  lands  was  due  to  obstructions  further 
down  stream  within  the  limits  of  Cambridge.  Cooperation  with  the 
Board  of  Health  of  that  city  seemed  to  be  the  only  remedy,  and  early 
in  the  fall  of  1900,  through  the  united  action  of  the  Boards  of  Health 
of  Cambridge  and  Belmont,  a  considerable  area  of  worthless   and   un- 
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wholesome  territory  in  the  vicinity  of  Hiirs  Crossing  was  readily  and 
successfully  reclaimed. 

For  this  purpose  a  broad  new  channel,  10  feet  wide  and  4  feet  deep, 
was  constructed  from  the  point  where  Wellington  Brook  enters  Little 
River  to  the  Belmont  line,  a  distance  of  half  a  mile.  This  has  so  thor- 
oughly drained  the  immediate  district  that  the  water  level  has  in  some 
places  sunk  more  than  40  inches.  Farther  up  the  stream  in  Belmont, 
lands  which  were  under  water  last  summer  —  one  of  the  dryest  sea- 
sons in  many  years  —  have  been  so  thoroughly  reclaimed  that  they 
are  now  dry  and  a\ailable  for  cultivation.  The  map  and  photographs 
will  serve  to  show  the  extent  and  character  of  this  work  better  than 
any  merely  verbal  description  could  possibly  do,  and  to  them  the  reader 
is  referred  for  detailed  information. 

The  work  which  has  already  been  done  through  the  combined  action 
of  the  Boards  of  Health  of  Cambridge  and-  Belmont,  has  cost  about 
$1,600,  of  which  Cambridge's  share  was  $1,100,  and  Belmont's,  $500. 
No  assessment  upon  any  of  the  landholders  has  been  made  by  either 
of  the  Boards,  as  it  was  held  that  these  unsanitary  conditions  were 
brought  about  through  natural  causes,  and  that  their  removal  was  for 
the  common  good  of  the  public  at  large. 

While  Belmont  has  no  further  cause  of  complaint  in  so  far  as  her 
own  lands  are  directly  concerned,  that  town  is  nevertheless  near  enough 
to  a  portion  of  territory  which  still  remains  undrained  to  feel  its  evil 
effects.  It  is  to  be  hoped  that  some  method  will  soon  be  de\ised 
whereby  the  towns  and  cities  chiefly  concerned  (Belmont,  Arlington, 
Cambridge  and  Somerville)  may  cooperate  and  adopt  some  definite 
measures  concerning  the  sanitary  treatment  of  these  lower  marshes 
for  their  mutual  benefit,  and  also  for  the  benefit  of  the  public  at  large, 
as  the  condition  of  these  may  materially  affect  the  health  of  other 
near-by  towns. 

There  is  still  much  to  be  done  before  some  of  the  neighboring 
territory  can  be  brought  into  a  healthful  and  useful  state.  To  accom- 
plish this  the  cooperation  of  Arlington,  Somerville  and  Cambridge  with 
Belmont  is  indispensable.  The  placing  of  tide-gates  at  the  mouth  of 
Alewife  Brook  where  it  empties  into  Mystic  River  would  remedy  exist- 
ing e\dls  at  comparatively  small  expense.  This  whole  neighborhood  pos- 
sesses many  natural  beauties,  and  if  developed,  could  be  made  whole-  ; 
some  and  attractive,  instead  of  what  it  now  is,  an  unsightly  area  of 
waste  and  swampy  lands,  and  a  menace  to  the  public  health. 
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A  map  of  the  Fresh  Pond  marshes  and  some  of  the  contiguous  ter- 
ritory has  been  prepared  under  the  author's  direction  and  is  shown 
above.  The  boundaries  of  the  cities  and  towns  immediately  concerned 
are  clearly  indicated,  as  are  also  the  course  of  Wellington  Brook,  Ale- 
wife  Brook,  and  the  location  of  the  Mystic  River,  as  well  as  of  the 
new  channel  which  has  already  proved  so  effective. 

Photographs  made  by  the  author  illustrating  what  has  been  done, 
as  well  as  the  need  of  still  further  improvements  in  the  lower  part 
of  the  territory  under  consideration,  are  appended.  The  legend  under 
each  will  suffice  for  its  explanation.  The  points  where  the  photo- 
graphs, F'igures  i,  2,  3,  etc,  were  taken,  are  indicated  on  the  map 
by  corresponding  numerals  enclosed  in  circles,  and  in  several  cases 
small  arrows  adjoining  the  circles  show  the  direction  in  which  the 
camera  was  pointed. 

NOTE  ON  DRAINAGE  AND  MOSQUITOES. 

"After  all,  the  best  of  the  means  which  may  be  adopted  against 
mosquitoes  will  always  consist  in  the  abolition  of  their  breeding  places. 
Small  pools  with  stagnant  water  can  be  *  treated,*  but  it  is  a  great  deal 
better  to  drain  them  or  to  fill  them  up.  Swamp  areas  must  sooner  or 
later  be  drained.  It  is  perfectly  obvious  that  the  sooner  this  is  done 
the  better  from  every  point  of  view,  not  only  from  that  of  human 
health,  but  from  the  increased  value  of  real  estate  in  the  neighborhood, 
and  from  the  practical  value  of  the  reclaimed  land  itself.  The  time  is 
coming,  and  rapidly,  when  this  drainage  of  large  swamps  will  not  remain 
a  matter  which  concerns  the  individual  owner  of  the  land,  but  one  for 
town  or  county  action,  and  even  for  States.  The  report  of  T.  J.  Gard- 
ner on  the  policy  of  the  State  respecting  drainage  of  large  swamps, 
published  in  the  Report  of  the  Board  of  Health  for  New  York,  Albany, 
1885,  although  antedating  the  recent  important  mosquito  discoveries,  is 
well  worth  reading  by  all  public-minded  persons,  and  the  annual  reports 
of  the  State  Geologist  of  New  Jersey,  for  1897  and  1898,  in  which  the 
reclamation  of  the  great  Hackensack  Meadows,  near  Jersey  City,  New- 
ark, and  Elizabeth,  New  Jersey,  make  interesting  reading  along  this 
line.  Work  on  these  marshes  has  actually  been  begun.  The  solution 
of  this  case  is  taking  the  form  of  separate  action  by  cities  and  their 
municipalities,  each  improving  the  territory  within  its  corporate  limits. 
The  city  of  Newark  has  a  tract*  of  4,600  acres  of  marsh  within  its 
limits.     Jersey  City  has  within    its   limits    2,086  acres  of   tide-marsh, 
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and  Elizabeth  has  2,658  acres.  The  three  cities,  therefore,  have  about 
8,700  acres  of  the  27,000  acres  lying  between  Elizabeth  and  Hack- 
ensack.  The  sanitary  importance  of  reclaiming  these  lands  is  of  the 
greatest,  but  the  capabilities  of  the  improvement  plans  are  also  attracting 
attention  on  the  part  of  capitalists  and  business  men,  who  see  in  these 
tide-lands  valuable  sites  for  manufacturing,  industrial,  and  commercial 
activity."  —  Professor  L.  O.  Howard^  Entofnologist,  United  States  De- 
partinent  of  Agriculture.  "  Notes  on  the  Mosquitoes  of  the  United 
States,"  p.  63.     Washington,   1900. 
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THIRTY-NINTH  YEAR,  igoo-igoi. 


Boston,  January  24,  1901. 

The  547th  regular  meeting  of  the  Society  of  Arts  was  held  on 
this  day  at  the  Institute,  Rogers  Building,  at  8  p.m.,  Professor  Swain 
presiding.     Forty-five  persons  were  present. 

The  following  were  elected  to  Associate  Membership  :  P.  Schuyler 
•Miller,  Assistant  Chemist,  Department  of  Water  Supply,  Brooklyn; 
William  C.  Ewing,  Civil  Engineer;  Henry  R.  Batcheller,  Mining  Engi- 
neer.    The  records  of  the  pre\nous  meeting  were  read  and  approved. 

Mr.  William  H.  Lincoln,  President  of  the  Boston  Chamber  of  Com- 
merce, was  introduced  and  gave  a  most  interesting  and  comprehensive 
talk  on  "  Shipment  of  Freights  to  Europe."  The  diminution  in  the 
rate  of  freights,  and  the  change  in  the  methods  of  transportation  from 
sailing  vessels  to  immense  freighters,  have  enabled  the  United  States  to 
compete  with  the  world  in  commercial  enterprises.  Last  year  the 
balance  of  trade  was  over  1^600,000,000  in  our  favor,  almost  wholly  with 
Europe,  and  chiefly  with  Great  Britain.  England  purchases  over  $400,- 
000,000  more  in  supplies  from  the  United  States  than  we  import 
from  her. 

Since  the  invention  of  the  ammonia  process  of  refrigeration,  the 
exportation  of  fresh  meats  to  England  has  increased  enormously,  re- 
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suiting  in  the  lowering  of  the  price  of  meat  in  England  to  one-half. 
Likewise  the  shipment  of  live  stock  has  increased.  The  industry  was 
started  in  1875  and  carried  on  for  several  years  at  a  loss.  Often  the 
entire  cargo  would  be  swept  away  during  a  storm,  or  die  of  exposure. 
At  present  the  methods  of  transportation  have  become  so  perfected, 
that  last  year  the  Leyland  Line  carried  30,000  head  of  cattle  with  a 
loss  of  only   18. 

Of  the  world's  crops,  the  United  States  produces  :  80  per  cent,  cot- 
ton ;  80  per  cent,  corn;  30  per  cent,  provisions  ;  25  per  cent,  wheat; 
80  per  cent,  iron;  33  per  cent,  coal;  40  per  cent,  steel.  Our  manu- 
factured products  exceed  those  of  England,  France  and  Germany  com- 
bined. Mr.  Lincoln's  paper  is  published  in  the  Technology  Quar- 
terly for  March,   1901. 

In  the  discussion  which  followed.  Professor  Swain  referred  to  the 
manufacture  of  Portland  Cement  as  an  illustration  of  our  ability  to 
enter  and  successfully  compete  with  well-established  European  indus- 
tries. The  thanks  of  the  Society  were  extended  to  Mr.  Lincoln  for 
his  instructive  address. 


Boston,  January  31,  1901. 

A  special  meeting  of  the  Society  of  Arts  was  held  on  this  day  at 
the  Institute,  Rogers  Building,  Professor  Cross  presiding.  One  hundred 
and  seventy-five  persons  were  present.  The  report  of  the  previous 
meeting  was  read  and  approved. 

Professor  George  E.  Hale,  Director  of  the  Yerkes  Observatory, 
spoke  on  "  Astronomical  Photography  with  the  gi'eat  Visual  Telescope 
of  the  Yerkes  Observatory."  This  telescope,  which  has  a  40-inch 
objective  and  64-foot  tube,  is  the  largest  refracting  telescope  in  the 
world.  Though  constructed  for  visual  obser\^tion.  Professor  Hale  has 
succeeded  in  using  it  for  photographic  work,  obtaining  results  due  to  its 
tremendous  resolving  power. 

Owing  to  this  power  of  separation,  the  hearts  of  star  clusters  have 
been  resolved  into  thousands  of  stars,  and  details  of  the  moon  obtained, 
surpassing  all  previous  work  with  telescopes  especially  designed  for 
photographic  work.  Spectroscopic  attachments  to  the  telescope  have 
enabled  the  constitution  of  stars  and  their  life  history  to  be  carefully 
studied,  likewise  the  velocity  of  stars  in  the  line  of  sight,  and  of  gas 
eruptions  on  the  sun's  surface. 
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The  spectroheliograph,  devised  by  Professor  Hale,  permits  the  study 
of  the  sun's  surface  with  one  color  of  the  spectrum  to  the  exclusion  of 
all  others,  a  method  which  has  already  led  to  important  results  concern- 
ing the  sun's  surface.  Indeed,  a  large  field  for  research  was  mentioned 
as  open  to  the  astronomer,  using  large  visual  telescopes  as  photographic 
ones. 

It  is  to  be  observed,  however,  that  the  objectives  of  visual  telescopes 
are  constructed  of  glass  which  is  transparent  to  waves  capable  of  stimu- 
lating the  sensations  of  light,  but  not  to  exceedingly  short  9nes.  Con- 
sequently such  visual  telescopes  cannot  be  used  in  the  photographic 
study  of  the  invisible  portions  of  the  spectrum. 

The  thanks  of  the  Society  were  most  heartily  extended  to  Professor 
Hale  for  his  able,  clear  and  very  instructive  lecture. 


Boston,  February  14,  1901. 

The  548th  regular  meeting  of  the  Society  of  Arts  was  held  on 
this  day  at  the  Institute,  Rogers  Building,  at  8  p.m.,  Professor  Chandler 
presiding.  Two  hundred  persons  were  present.  After  the  regular 
business  had  been  transacted,  Mr.  Robert  S.  Peabody,  President  of  the 
American  Institute  of  Architects,  spoke  on  "The  Designing  of  the 
Buffalo  Exposition." 

A  most  interesting  account  was  given  of  the  method  followed  by 
the  eight  prominent  architects  who  were  chosen  to  design  the  Exposi- 
tion grounds  and  buildings.  Each  member  of  the  committee  was  re- 
quested to  present  a  sketch  which  should  embody  his  ideas  regarding 
the  most  suitable  and  artistic  plan  for  an  Exposition.  At  the  first  meet- 
ing of  the  committee,  these  plans  were  carefully  discussed,  the  remarks 
being  recorded  by  stenographers.  After  the  meeting,  each  member  was 
presented  with 'a  copy  of  these  criticisms  and  suggestions,  and  requested 
to  present  a  new  scheme  at  the  second  meeting.  In  this  way  a  satisfac- 
tory plan  for  the  Exposition  was  obtained.  The  same  method  of  frank 
criticism  was  followed  in  the  designing  of  the  buildings,  over  twenty  in 
number.  Some  of  the  latter  are  to  form  permanent  additions  to  the  city 
of  Buffalo,  such  as  the  New  York  State  Building,  afterwards  to  become 
the  home  of  the  Buffalo  Historical  Society  and  the  Art  Museum. 

The  present  Exposition  will  differ  from  the  Chicago  Exposition  in 
many  ways.     The  buildings  will  be  constructed  with  projecting  eaves. 
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with  large  tiled  roofs,  and  will  be  decorated  in  the  most  intense  colors. 
Sculpture  will  be  used  in  profusion  for  decorative  purposes.  Many 
views  were  shown  of  the  original  sketches,  the  buildings  which  are 
already  near  completion,  and  groups  of  statuary. 

The  selection  of  Buffalo  as  the  seat  of  the  Pan-American  Exposition 
seems  to  have  been  an  excellent  one,  owing  to  its  nearness  to  Niagara 
Falls,  also  to  the  fact  that  over  40,000,000  people  reside  within  one 
night's  ride  of  the  city. 

The  thanks  of  the  Society  were  extended  to  Mr.  Peabody  by  Pro- 
fessor Chandler. 


Boston,  February  28,  1901. 

The  549th  regular  meeting  of  the  Society  of  Arts  was  held  on  this 
day  at  the  Institute,  at  8  p.m.,  in  Room  22,  Walker  Building,  Professor 
William  H.  Niles  presiding.  Two  hundred  and  sixty  persons  were 
present.  After  the  regular  business  had  been  transacted,  Mr.  Gifford 
Pinchot,  Chief  of  the  Division  of  Forestry,  Washington,  D.  C,  was 
introduced  and  spoke  on  "A  Forest  Policy  for  the  United  States." 

The  si^eaker  introduced  the  subject  by  showing  a  map  of  the  Forest 
belts  which  cover  about  37  per  cent,  of  the  territory  of  the  United 
States,  after  which  slides  were  shown  and  explained  illustrating  the 
character  of  the  timber  growth  of  these  belts,  likewise  the  effect  of 
forest  fires,  and  the  ruinous  policy  which  is  being  pursued  by  the  miners 
and  farmers  in  the  South  and  West.  In  some  mining  districts  wood  is 
used  extensively  as  fuel,  owing  to  the  great  expense  of  coal,  without 
any  adequate  provision  being  made  to  replace  the  same.  Moreover,  in 
the  South  and  West  large  tracts  of  excellent  timber  are  destroyed  to  be 
converted  into  very  poor  farming  land.  The  speaker  referred  to  the 
influence  of  forests  upon  climatic  conditions,  and  especially  emphasized 
the  dependence  of  the  200  millions  acres  of  land  devoted  to  agriculture 
in  Oregon  for  its  water  supply  upon  the  preservation  of  the  forests  in 
that  state. 

The  latter  part  of  the  lecture  was  devoted  to  a  consideration  of  the 
features  which  must  dominate  any  forest  policy  adopted  by  the  United 
States  Government.  The  methods  successfully  followed  in  Germany 
are  impracticable  in  this  country,  owing  to  the  difference  in  the  customs 
and  habits  of  the  people.     With  us,  moreover,  the  lumber  industry  is 
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an  exceedingly  important  one,  the  amount  of  lumber  used  per  head 
being  greater  than  anywhere  else  in  the  world.  Consequently  any  gov- 
ernmental policy  must  preserve  the  forests,  and  at  the  same  time  con- 
sider these  rights  and  interests.  In  this  country,  also,  great  damage 
results  from  forest  fires,  which  are  seldom  known  in  Germany.  Experi- 
ence has  shown  that  the  following  factors  should  be  considered  in  the 
framing  of  any  forest  policy  for  the  United  States : 

1.  Geography  of  the  timber  belt. 

2.  National  habits  of  mind. 

3.  Grazing  interest. 

4.  Fires. 

5.  Large  lumber  interests. 

6.  Relation  of  forests  to  water  supply. 

7.  The  tax  rate  on  timber  land.  This  should  never  be  so  high  as 
to  prevent  the  owner  from  holding  the  land  for  timber. 

8.  A  Bureau  should  be  established  in  Washington  to  which  persons 
could  come  or  write  for  advice  and  information. 

9.  There  should  be  a  body  of  young  men  trained  in  forestry  to 
take  charge  of  a  forest  policy  and  put  it  into  successful  operation. 

At  the  close  of  the  lecture  remarks  were  made  by  Mr.  Egerton, 
recent  Chief  of  the  Division  of  Forestry ;  Mr.  Harvey  N.  Shepard, 
Chairman  of  the  Board  of  Trustees  of  the  Appalachian  Mountain  Club 
Real  Estate ;  and  Professor  Fay,  of  Tufts  College. 

The  thanks  of  the  Society  were  extended  to  Mr.  Pinchot  for  his 
most  interesting  and  instructive  lecture. 


Boston,  March  14,  1901. 

The  550th  regular  meeting  of  the  Society  of  Arts  was  held  on 
this  day  at  the  Institute,  at  8  p.m.,  Mr.  George  W.  Blodgett  presiding. 
Ninety-five  persons  were  present.  After  the  regular  business  had  been 
transacted.  Dr.  Henry  Fay,  Assistant  Professor  of  Metallography  at 
the  Institute,  was  introduced  and  spoke  on  "The  Use  of  the  Micro- 
scope in  the  Study  of  the  Chemical  Constitution  and  Physical  Prop- 
erties of  Metals."  The  need  of  some  method  of  investigation  for 
distinguishing  between  steels  of  •  the  same  composition,  but  of  differ- 
ent physical  properties,  led  to  a  microscopic  study  of  the  structure. 
The  foundations  of  this  microscopic  analysis  were  laid  by  Sarby,  and 
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extended  by  Martens,  Osmond,  Roberts-Austin,  Stead,  Sauveur  and 
others. 

It  was  found  that  an  exact  analogy  existed  between  solutions  and 
alloys  —  steel  itself  acting  as  an  alloy.  This  analogy  is  most  advan- 
tageously shown,  I  St,  by  a  study  of  the  fusibility  curves  ;  2d,  by  exam- 
ination of  polished  and  etched  sections  with  the  microscope. 

The  fusibility  curves  of  alloys  have  been  found  to  fall  under  three 
general  classes  : 

I.  Two  metals  which  form  solid  solutions  give  a  straight-line  curve 
connecting  the  two  melting-points.  Examples  of  this  class  are  the 
alloys  of  silver  and  gold,  and  bismuth  and  antimony. 

II.  Two  metals  which  neither  form  solid  solutions  nor  compounds, 
give  a  two-branch  curve,  meeting  in  an  eutectic  point,  which  is  lower 
than  the  melting-point  of  either  metal.  Typical  examples  of  this  class 
are  the  alloys  of  tin  with  bismuth,  lead,  and  zinc,  and  the  alloys  of  zinc 
with  aluminurti  and  cadmium. 

III.  Two  metals  which  form  one  or  more  compounds  give  a  curve, 
the  number  of  branches  of  which  is  2«  +  i  where  n  represents  the 
number  of  compounds.  In  this  class  one  of  the  compounds  may  form 
a  solid  solution  with  one  of  the  pure  metals,  which  would,  consequently, 
modify  the  character  of  the  curve,  and  therefore  change  the  number  of 
branches.  Examples  of  this  class  are  the  alloys  of  copper  with  anti- 
mony, tin,  and  bismuth  ;  those  of  aluminum  and  gold,  antimony  and 
zinc,  and  tin  and  nickel. 

The  study  of  the  microstructure  of  these  three  classes  of  alloys 
confirms  very  decisively  the  fusibility  curves.  In  the  first  class  it  is 
known  that  the  solvent  and  dissolved  substance  separate  out  together. 
The  microstructure  of  metals  which  form  solid  solutions  shows  a  homo- 
geneous mass  in  which  it  is  difficult,  if  not  impossible,  to  distinguish 
between  the  two  constituents.  In  the  second  class,  where  the  freezing- 
point  of  the  pure  metal  is  considerably  lowered  by  the  addition  of  the 
other  metal,  there  is  first  a  separation  of  pure  solvent,  and  as  the  tem- 
perature of  the  solution  is  lowered,  the  pure  metal  continues  to  separate 
until  the  concentration  of  the  resulting  solution  has  reached  that  of  the 
eutectic  alloy,  when  the  mass  solidifies  as  a  whole.  The  microscopic  con- 
stituents, consequently,  should  be  pure  metal  and  the  eutectic,  the 
amount  of  each  depending  upon  the  proportion  of  the  two  constitu- 
ents. As  the  eutectic  is  the  alloy  in  which  the  two  constituents  are 
each  saturated  with  the  other  and  the  two  separate  simultaneously,  we 
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find  a  structure  made  up  of  alternate  layers  of  the  two  metals.  The 
structure  for  all  eutectics  is  very  characteristic,  resembling  the  fine  line 
markings  of  the  thumb.  The  eutectic  may  consist  of  two  metals,  a 
metal  and  a  compound,  or  two  compounds,  but  in  all  cases  its  struc- 
ture is  characteristic.  The  presence  of  compounds  in  the  third  class  is 
usually  recognized  by  their  crystalline  form,  the  forms  of  some  of  them 
being  very  characteristic,  such  as  is  the  case  for  the  compound  SnCug. 
When,  however,  a  compound  forms  a  solid  solution,  the  detection  of 
the  two  constituents  is  much  more  difficult. 

The  microstructure  of  alloys  was  illustrated  by  photographs  of  lead- 
tellurium  alloys. 

Steel  was  considered  as  an  alloy  of  iron  and  carbide  of  iron,  and 
was  shown  to  belong  to  the  second  class  of  alloys.  The  microstructure 
of  steels  subjected  to  various  heat  treatment  was  illustrated  by  photo- 
micrographs. 

The  thanks  of  the  Society  were  extended  to  Dr.  Fay  for  his 
instructive  address. 


Boston,  March  28,  1901. 

The  551st  regular  meeting  of  the  Society  of  Arts  was  held  on 
this  day  at.  the  Institute,  at  8  p.m.,  in  Room  22,  Walker  Building,  Presi- 
dent Pritchett  presiding.  Over  three  hundred  and  fifty  persons  were 
present.  The  following  persons  were  elected  to  Associate  Membership : 
Mr.  F.  F.  Low,  loi  Milk  Street,  Boston  ;  Mr.  R.  G.  Hall,  Pueblo,  Col- 
orado ;  Professor  C.  E.  Fuller,  Massachusetts  Institute  of  Technology ; 
Dr.  F.  J.  Moore,  Massachusetts  Institute  of  Technology ;  Mr.  R.  R. 
Laurence,  Massachusetts  Institute  of  Technology ;  Mr.  C.  W.  Berry, 
Massachusetts  Institute  of  Technology;  Mr.  C.  H.  Hapgood,  Massa- 
chusetts Institute  of  Technology. 

Dr.  M.  I.  Pupin,  Professor  of  Electro-Mechanics  at  Columbia  Uni- 
versity, spoke  on  "  Electrical  Wave-Transmission."  Experiments  on 
the  propagation  of  waves  over  cords  were  shown.  A  resum^  of  the 
lecture  will  be  found  below,  pages  89-91. 

The  thanks  of  the  Society  were  most  heartily  extended  to  the 
speaker  for  his  interesting,  instructive,  and  clear  presentation  of  the 
subject. 

George  V.  Wendell,  Secretary, 
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TESTS    OF    THE    MASSACHUSETTS    INSTITUTE   OF 
TECHNOLOGY    TAPE    APPARATUS. 

By  ALFRED  E.  BURTON,  S.B.,  Professor  op  Topographical  Engineering,  Mas- 
sachusetts Institute  of  Technology, 

AND 

JOHN  F.  HAYFORD,  C.E.,  Inspector  of  Geodetic  Work,  United  States  Coast  and 

Geodetic    Survey. 

Introductory    Note. 

Alfred  E.  Burton. 

The  so-called  **  Massachusetts  Institute  of  Technology  Tape  Ap- 
paratus," is  an  indirect  product  of  the  Summer  Schools  of  the  Civil 
Engineering  Department.  As  early  as  1888,  at  the  Summer  School 
held  at  South  Deerfield,  Massachusetts,  a  base  line  was  measured  with 
the  suspended  steel  tape.  During  this  and  the  following  two  years, 
the  apparatus  used  was  similar  to  that  employed  by  the  Missouri 
River  Commission  in  1885,  slightly  modified  to  increase  the  speed  of 
measurement.  In  1891,  Mr.  Harry  C.  Bradley  and  Mr.  George  A. 
Campbell  took  for  their  thesis  the  subject  of  base  measuring  with  the 
steel  tape.  To  Mr.  Bradley  is  due  the  design  of  an  automatic  stretch- 
ing device  which  makes  it  easy  to  secure  a  uniform  tension,  the  value 
of  which  can  be  determined  to  a  fraction  of  an  ounce.  Mr.  Campbell 
designed  an  apparatus  to  determine  the  coefficients  of  expansion  of 
tapes  in  air.  He  also  suggested  and  discussed  the  method  of  deter- 
mining the  expansion  of  the  tape  by  a  measurement  of  its  electrical 
resistance.  In  1892,  Mr.  William  C.  Thalheimer  in  his  thesis  con- 
tinued the  work  on  the  coefficients  of  expansion  of  steel  and  brass 
tapes  begun  by  Mr.  Campbell.  In  1892,  measurements  were  made 
with  the  steel  and  brass  tapes,  using  their  relative  coefficients  of 
expansion,  for  the  determination  of  the  temperatures.  That  year, 
several  measurements  were  made  at  night,  and  in  this  work  the 
actual  differences  between  measurements  did  not  exceed  one  part  in 
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a .  million.  At  the  Summer  School  held  at  Keesville,  New  York,  in 
1893,  Mr.  Campbell  took  direct  charge  of  the  base  measurements 
in  order  to  test,  in  the  field,  the  method  of  determining  electrically  the 
expansion  of  the  tape  due  to  temperature  changes.  The  degree  of  pre- 
cision obtained  was  highly  satisfactory,  but  the  field  work  was  slow, 
for  the  VVheatstone  Bridge  employed  was  not  adapted  for  rapid  work. 
The  necessary  modifications  could  not  be  attempted  at  the  time,  but 
were  later  found  embodied  in  a  form  of  Wheatstone  Bridge  for  temper- 
ature measurements,  invented  by  two  of  the  Institute  graduates. 

In  189s  a  paper'  was  read  before  the  Society  of  Arts  by 
Mr.  George  C.  Whipple,  graduate  of  the  class  of  1889,  describing 
"The  Thermophone"  recently  invented  by  Henry  E.  Warren,  '94, 
and  himself.  At  this  time  it  occurred  to  the  writer  that  here 
was  an  instrument  for  solving  in  the  simplest  manner  the  long- 
vexed  problem  of  the  determination  of  the  temperature  of  a  steel 
tape  when  used  in  base  measuring.  The  thermophone,  with  slight 
modifications,  could  be  made  to  do  the  work  expeditiously  and 
satisfactorily.  Messrs.  Warren  and  Whipple  entered  into  the  scheme 
gladly,  and  both  lent  their  aid  towards  the  final  solution.  Mr.  Warren 
in  the  Summer  School  of  1896,  held  at  Machias,  Maine,  took  direct 
charge  of  the  base  measurements  and  obtained  results  that  sur- 
passed the  most  sanguine  expectations.  Meanwhile,  in  1895,  Messrs. 
Francis  E.  Matthes  and  Gerard  H.  Matthes  had  taken  up  steel 
tape  measurements  as  a  thesis,  and  they  undertook  and  carried 
through  in  a  most  satisfactory  manner  the  calibration  of  a  thermo- 
phone for  the  iCK)-meter  steel  tape,  and  the  100-meter  German  silver 
wire.  The  thermophone,  as  completed  by  these  students,  reads 
directly  the  mean  temperature  of  the  tape  to  a  tenth  of  a  degree 
Fahrenheit.     . 

The  above  account  gives  a  brief  history  of  this  tape  apparatus  up 
to  the  time  the  test  was  made  by  the  United  States  Coast  and  Geo- 
detic Survey,  in  November,  1900.  In  this  test  many  of  the  minor 
appliances  that  had  been  used  to  further  increase  the  accuracy  of 
measurements  were  left  out,  the  officers  of  the  Coast  Survey  consid- 
ering  that  we  were  needlessly  increasing  the  refinement  of  measure- 
ment and  thus  decreasing  the  speed  of  work.  The  measurements  at 
the  Summer  School  have  always  shown  a  smaller  probable  error  than 
was  brought  out  by  the  test. 


*See  Technology  Quarterly,  July,  1895. 
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It  appears  to  the  writer  that  in  this  evolution  of  a  base  measuring 
apparatus  there  is  an  interesting  example  of  thesis  work  which  has 
tended  to  develop  the  faculty  for  original  research. 

A  number  of  students'  names  have  been  mentioned  as  directly 
concerned  in  the  development  of  this  apparatus,  but  it  would  only  be 
fair  to  say  that  valuable  suggestions  have  been  from  time  to  time 
received  from  other  students,  and  from  several  of  the  instructors  at 
the  Summer  Schools. 

Tests  of  the   Massachusetts    Institute   of   Technology   Tape 
Apparatus,  Made   by  The   Coast   and    Geodetic    Survey 

IN  November   and    December,   1900. 

John  F.  Hayford. 

The  object  of  these  tests  of  the  Massachusetts  Institute  of  Tech- 
nology tape  apparatus  was  to  determine  its  adaptability  to  the  meas- 
urement of  primary  bases  by  the  Coast  and  Geodetic  Survey.  In 
considering  these  tests  it  should  be  kept  clearly  in  mind  that  results 
of  the  extremely  high  degree  of  accuracy  which  are  stated  to  have 
been  obtained  with  this  apparatus  are  unnecessary  in  connection  with 
primary  triangulation.  The  base  measurement  is  ordinarily  the  strong- 
est part  of  the  work,  and  very  little  accuracy  is  gained  by  reducing 
the  probable  error  of  a  base  further  after  a  probable  error  of  one  part 
in  500,000  has  been  obtained.  In  making  the  tests  it  was  continually 
kept  in  mind  that  what  was  wanted  was  a  method  of  measurement 
which  should  be  as  rapid  as  possible  while  securing  a  probable  error 
not  exceeding  one  part  in   500,000. 

Two  full  days  were  devoted  to  the  tests  in  November  at  Washing- 
ton, and  three  afternoons  on  the  Alice  Base  Line  in  southern  Texas 
in  December. 

The  tests  made  at  Washington  consisted  of  repeated  readings  on 
a  single  tape  length  between  fixed  points,  the  tape  being  supported 
at  intervals  of  25  meters  on  nails  or  a  wooden  arm.  One  end  of  the 
tape  was  fixed  rigidly,  and  the  readings  taken  at  the  other  end.  No 
glass  rollers  were  used  to  relieve  the  friction  at  the  reading  end. 
The  conditions  differed  from  those  ordinarily  encountered  in  the 
measurements  by  students  at  the  Massachusetts  Institute  of  Technol- 
ogy, in  that  the  support  interval  was  changed  from  10  to  25  meters; 
that  there  was  considerably  more  friction  at  the  fixed  nails  or  other 
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supports  than  with  the  swinging  hook  supports  ordinarily  used ;  and 
that  a  little  extra  friction  was  encountered  at  the  reading  end.  The 
conditions  as  stated  were  similar  to  those  which  are  allowed  to  exist 
with  the  50-  and  100-meter  tapes  actually  in  use  during  this  season  in 
the  Coast  and  Geodetic  Survey  base  measurement,  and  it  was  believed 
that  the  desired  accuracy,  namely,  a  probable  error  of  one  part  in  a 
half  million,  could  be  obtained  under  these  conditions.  On  Novem- 
ber 13,  ninety  readings  of  a  single  tape  length  were  taken  between 
10.24  A.M.  and  8.54  P.M.,  and  on  November  19,  seventy  readings  be- 
tween 10.10  A.M.  and  7.51  P.M.,  by  Mr.  L.  A.  F'ischer,  Adjuster, 
United  States  Office  of  Standard  Weights  and  Measures,  and  the 
writer.  On  each  day  the  temperature  conditions  varied  greatly,  part 
of  the  measurements  being  made  in  bright  sunlight,  a  part  with  one 
portion  of  the  tape  in  sunlight  and  another  in  shade,  other  measure- 
ments being  made  during  daylight  but  with  the  sun  under  a  cloud,  and 
the  latest  measurements  on  each  day  being  considerably  after  sunset. 
The  measurements  all  being  reduced  to  a  fixed  temperature,  using  the 
known  coefficient  of  expansion  of  the  tape,  showed  a  total  range  of 
2.3  millimeters  on  the  first  day,  and  2.6  millimeters  on  the  second. 
On  taking  the  sums  of  the  measurements  in  successive  groups  of 
ten,  corresponding  to  measurements  of  i  kilometer  each,  the  total 
range  was  8  millimeters  on  the  first  day,  and  7  millimeters  on  the 
second.  These  ranges  are  no  greater  than  are  obtained  in  the  reg- 
ular base  work  of  the  Survey  which  serves  to  give  a  probable  error  of 
one  part  in  a  million  or  less  on  each  base,  and  therefore  indicate  that 
even  under  these  conditions  the  tape  gave  sufficiently  accurate  results 
for  the  required  purpose. 

On  December  10,  on  the  Alice  Base  Line,  Professor  A.  E.  Burton 
and  the  writer  spent  the  afternoon  in  making  measurements  of  a 
single  tape  length,  the  tape  being  supported  upon  tripods.  This 
afternoon's  work  was  of  little  value  except  as  preparation  for  the 
later  tests.  Similarly,  on  December  1 3,  i  kilometer  of  the  base  was 
measured  once  with  the  aid  of  the  base  party  under  Mr.  A.  L.  Bald- 
win, and  served  mainly  to  give  the  party  practice  with  the  apparatus. 
On  December  17  a  section  of  the  base  nominally  \  kilometer  long 
was  measured  six  times  with  the  aid  of  the  base  party,  two  or  more 
readings  o^^  the  tape  and  thermophone  being  taken  in  each  position. 
During  these  measurements  instrument  tripods,  modified  slightly  to 
adapt  them  to  the  purpose,  were  used  as  marking  points  for  the  ends 
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of  the  tape,  and  the  middle  point  of  the  tape  was  supported  on  one  of 
the  tripods  ordinarily  used  with  the  base  bars.  The  tape,  therefore, 
hung  in  two  catenaries,  each  50  meters  long.  At  the  middle  support 
the  tape  rested  across  a  heavy  metallic  roller  which  ordinarily  supports 
one  end  of  a  base  bar.  This  roller  served  to  relieve  the  friction  to 
a  small  extent,  but  was,  doubtless,  less  effective  for  that  purpose  than 
the  swinging  hook.  The  tension  was  applied  with  the  Massachusetts 
Institute  of  Technology  tension  apparatus,  and  was  7.38  kilograms. 
The  results  of  the  measurements  cannot  be  given  in  absolute  units 
as,  at  the  date  of  writing,  the  length  of  this  section  of  the  base 
has  not  yet  been  computed  by  the  base  party.  The  residuals  from 
the  mean  of  the  six  measures  were,  however,  -}-  2.40  millimeters, 
—  3.12  millimeters,  — .82  millimeter,  +.37  millimeter,  — .64  milli- 
meter, -f-  1.84  millimeters. 

During  the  first  two  measurements  no  friction  rollers  were  used 
at  the  reading  end  of  the  tape.  During  the  remaining  four  measure- 
ments a  small  roller  was  used  for  that  purpose,  and  the  residuals  show 
clearly  the  increased  accuracy  gained  thereby. 

A  study  of  the  results,  and  especially  of  the  readings  taken  in 
quick  succession  with  the  tape  in  a  given  position,  indicates  that  while 
with  the  so-meter  interval  between  supports  the  required  degree  of 
accuracy  could  probably  be  obtained  during  perfectly  still  weather,  the 
effect  of  the  wind  upon  the  apparent  length  of  the  tape  is  so  great 
that  under  ordinary  conditions  this  interval  is  too  great  for  safety. 
The  total  time  required  to  make  these  six  measurements  of  the  half- 
kilometer  section  was  250  minutes,  or  83  minutes  per  kilometer,  in 
spite  of  various  delays  due  in  part  to  inexperience  with  this  apparatus, 
and  in  part  to  defects  in  the  apparatus  itself  which  may  easily  be 
remedied. 

A  mere  statement  of  the  numerical  results  of  the  tests  as  given 
above  indicates  but  poorly  the  information  furnished  by  them.  During 
the  tests  as  careful  studies  as  possible  were  made  of  the  detail  of  the 
method  and  the  apparatus.  The  results  of  these  studies  can  be  most 
conveniently  stated  in  a  readable  form  as  an  opinion  upon  the  appa- 
ratus as  a  whole. 

The  three  principal  advantages  of  the  thermophone  method  of 
determining  the  temperature  of  the  tape  are  : 

I.  That  the  thermophone  gives  a  determination  of  the  actual  tem- 
perature of  the  tape,  regardless  of  whether  the  heat  reaches  the  tape 
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in  the  radiant  form  or  otherwise ;  whereas  the  ordinary  mercurial  ther- 
mometer receives  at  its  bulb  less  radiant  heat  than  a  steel  tape  ex- 
posed under  the  same  conditions,  and,  therefore,  indicates  too  low 
a  temperature  when  used  in  daylight.  Attempts  to  get  rid  of  this 
error  by  blackening  the  bulb  of  the  thermometer  or  sheathing  it  with 
metal  have  proved  unsuccessful,  and  it  has,  therefore,  been  absolutely 
necessary  up  to  the  present  time  to  use  steel  tapes  at  night  only  when 
results  of  a  sufficient  degree  of  accuracy  for  geodetic  purposes  were 
required. 

2.  The  thermophone  furnishes  an  instantaneous  determination  of 
the  temperature  of  the  tape,  whereas  the  mercurial  thermometer  re- 
sponds much  more  slowly  to  changes  of  temperature  than  the  tape, 
and  therefore  gives  indications  which  are  considerably  in  error  at  any 
instant  whenever  rapid  and  irregular  fluctuations  of  temperature  are 
in  progress. 

3.  The  thermophone  furnishes  a  measurement  of  the  actual  mean 
temperature  of  the  whole  length  of  the  tape,  whereas  with  mercurial 
thermometers  all  that  can  be  hoped  for  under  the  best  possible  condi- 
tions is  a  determination  of  the  tape  temperature  at  two,  three,  or  more 
points  at  which  thermometers  are  placed. 

In  regard  to  the  Massachusetts  Institute  of  Technology  Tape 
Apparatus  as  a  whole,  the  writer  is  convinced  : 

1.  That  with  the  thermophone  apparatus  in  its  present  form,  and 
using  all  refinements,  measurements  can  be  made,  even  in  daylight 
and  when  the  temperatures  are  varying  rapidly,  with  a  much  higher 
degree  of  accuracy  than  is  possible  with  tapes  and  mercurial  thermom- 
eters even  under  good  conditions  at  night. 

2.  That  after  the  apparatus  has  been  modified  and  strengthened 
at  certain  points  with  reference  to  making  it  proof  against  compara- 
tively rough  usage  and  capable  of  quicker  manipulation,  certain  refine- 
ments being  omitted,  much  more  rapid  measurements  can  be  made 
with  it  than  with  any  form  of  bars,  and  probably  more  rapid  than  with 
the  present  form  of  tape  apparatus,  if  the  tripod  method  rather  than 
the  stake  method  is  used. 

3.  That  it  can  be  used  efficiently  with  no  more  previous  prepara- 
tion of  the  ground  than  is  necessary  for  bar  measurement  by  substi- 
tuting tripods  for  the  marking  stakes  at  the  tape  ends  and  for  the 
intermediate  supports. 

Base  measurements  with  bars  have  ordinarily  been  made  with  the 
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bars  supported  upon  portable  tripods.  It  has  not  been  feasible  to 
measure  primary  bases  with  tapes  similarly  supported  upon  tripods, 
since  it  was  absolutely  necessary  to  make  the  measurements  at  night 
to  secure  the  necessary  degree  of  accuracy  with  the  means  heretofore 
available  for  determining  the  temperature.  The  thermophone  appara- 
tus determines  the  temperature  with  all  necessary  accuracy  in  daylight. 
Hence,  it  is  now  possible  to  substitute  tripods,  or  other  portable  sup- 
ports, which  may  be  placed  in  position  as  the  measurement  progresses, 
for  the  fixed  stakes  which  have  heretofore  been  used.  With  a  well 
organized  base  party  familiar  with  the  work,  the  setting  of  the  stakes 
requires  considerably  more  time  than  the  subsequent  double  tape 
measurement  of  the  base.  For  example,  the  base  party  which  has 
just  finished  its  operations,  found  it  possible  to  make  two  measure- 
ments of  each  kilometer  of  the  base  in  from  i  to  i^^^  hours  upon  an 
average,  whereas  the  setting  of  the  stakes  on  a  single  kilometer  re- 
quired 2^  to  3  hours,  six  or  eight  men  being  required  for  the  tape 
measurement,  and  four  for  the  stake  setting.  If  the  Massachusetts 
Institute  of  Technology  Tape  Apparatus  is  used  upon  stakes,  no  time 
can  be  saved  in  the  measurement,  and  the  only  thing  that  will  be 
gained  by  substituting  it  for  the  tape  apparatus  at  present  in  use  in 
the  Survey,  using  mercurial  thermometers,  is  that  the  measurements 
may  be  made  in  daylight,  instead  of  at  night.  If  tripods  are  substi- 
tuted for  stakes,  however,  the  only  previous  preparation  of  the  ground 
other  than  clearing  it,  is  a  very  rough  preliminary  measurement  made 
with  a  tape  dragged  upon  the  ground,  requiring,  say,  45  minutes  per 
kilometer  for  a  party  of  three  men  ;  and  this  rough  measurement  is 
necessary  even  when  bars  are  used.  It  is  to  the  Massachusetts  Insti- 
tute of  Technology  Tape  Apparatus  used  upon  tripods  or  other  tempo- 
rary supports,  rather  than  upon  stakes,  that  one  must  look  for  gain  in 
time  over  the  tape  methods  now  in  use  in  this  Survey. 

In  closing,  it  may  be  noted  that  the  attempt  to  substitute  a 
50-meter  support  interval  for  the  25-meter  interval  now  in  use  was 
made  because  such  a  change,  if  feasible,  would  be  conducive  to  very 
rapid  work  with  a  tripod  method,  the  number  of  necessary  supports 
being  greatly  reduced. 
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ELECTRICAL    WAVE-^TRANSMISSION. 

By  MICHAEL  I.  PUPIN,  Ph.D. 
Read  March  28,  190 1. 

Electrical  wave-transmission  over  a  wire  conductor  has  a  mechan- 
ical analogy  in  wave-transmission  over  flexible  cords.  The  application 
of  a  force  to  one  end  of  a  cord  develops  three  reactions  :  mass,  ten- 
sional,  and  frictional  reactions.  The  energy  used  up  in  overcoming  the 
first  two  is  non-dissipative,  i.e.,  it  is  stored  up  in  the  cord  along  which  it 
is  propagated ;  whereas,  the  energ)'^  consumed  against  frictional  reaction 
is  wasted  as  heat.  Consequently,  if  there  be  sufficient  frictional  resist- 
ance, the  wave  will  not  extend  far  from  the  point  at  which  the  impressed 
force  is  applied  before  the  energy  imparted  to  the  cord  (as  kinetic  and 
tensional  energy)  becomes  dissipated  as  heat.  In  the  case  of  wave- 
transmission  along  a  cord,  it  is  this  dissipative  factor  which  causes  the 
wave  attenuation. 

Similarly,  when  an  alternating  electromotive  force  acts  on  an  electric 
circuit,  the  energy  imparted  to.  the  wire  conductor  encounters  three 
reactions  :  inductance  reaction,  which  is  the  same  in  form  as  the  kinetic 
reaction  of  a  vibrating  cord  and  is  non-dissipative,  its  work  being  stored 
up  in  the  system  as  magnetic  energy  ;  capacity  reaction,  the  law  of  action 
of  which  is  identical  with  the  law  governing  the  tensional  reaction  in 
strings,  likewise  non-dissipative  ;  i-esistance  reaction,  in  the  overcoming 
of  which  heat  is  generated,  therefore  it  is  dissipative.  Consequently 
in  electrical  wave-transmission,  the  energy  is  continually  dissipated  as 
heat  on  account  of  the  resistance  reaction  and  causes  the  attenuation 
which  limits  telephony  over  long  conductors,  particularly  over  cables. 

Evidently,  to  diminish  the  attenuation  in  either  of  the  above  cases 
the  non-dissipative  factor  must  be  made  larger  in  comparison  with  the 
dissipative  or  frictional  reaction,  since  a  relatively  smaller  dissipation  of 
energy  would  result.  The  conclusion  is  that  the  transmission  over 
cords  must  be  better  through  a  dense  medium,  or  cord,  since  the  mass- 
reaction  is  thereby  increased. 
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To  illustrate  this  point,  a  light  cord  lying  on  an  inclined  rough  sur- 
face may  be  set  into  periodic  \dbration'  at  one  end  by  a  suitable  mechan- 
ism. Owing  to  friction,  the  wave  energy  on  the  cord  is  propagated  only 
a  short  distance,  the  attenuation  being  very  marked.  On  increasing  the 
tension  and  thereby  increasing  the  tensional  reaction,  the  wave  pro- 
gresses much  further.  By  substituting  a  cord  of  larger  mass,  the  dis- 
tance of  the  wave  propagation  may  be  noticeably  increased.  With  a 
given  cord,  if  the  tension  has  been  increased  as  far  as  possible^  what 
may  be  done  to  diminish  the  attenuation }  Assuming  that  a  heavier 
cord  cannot  be  substituted,  the  effect  of  a  cord  of  large  mass  may  be 
secured  by  loading  the  cord  with  sinkers  of  metal  at  periodically  recur- 
ring points.  Certain  experiments  demonstrate  clearly  and  beautifully, 
that  the  transmission  can  be  much  improved  in  this  manner,  provided 
the  sinkers  are  suitably  arranged. 

The  following  conclusions  were  drawn  from  the  above  experiments  : 
(i)  It  is  more  efficient  to  transmit  energy  over  a  heavy  than  a  light 
cord.  (2)  A  cord,  if  periodically  loaded,  may  be  made  equivalent  within 
any  degree  of  approximation,  to  a  heavier  uniform  cord.  It  is  to  be 
observed  that  the  distance  between  consecutive  loads  must  be  smaller 
than  the  length  of  the  wave  which  is  transmitted. 

Similar  experiments  suggested  to  the  author,  in  the  earlier  stages  of 
the  research,  the  manner  of  attacking  the  electric  problem.  In  any 
circuit  the  magnetic  inductance  (a  source  of  non-dissipative  reaction)  is 
limited.  It  is  well  known  that  coils  of  wire  possess  large  inductance, 
consequently  such  coils  should  act  for  an  electric  circuit  in  the  same 
way  that  sinkers  do  for  a  cord,  and  the  problem  of  electrical  wave-trans- 
mission should  reduce  itself  to  the  placing  of  inductance  coils  at  proper 
periodically  recurring  points  on  the  \vire. 

In  order  that  such  a  non-uniform,  or  loaded,  conductor  may  act  as  a 
uniform  conductor  of  large  inductance,  it  is  necessary  from  mathemat- 
ical analysis  to  distribute  the  loads  at  periodic  distances  which  are  small 
in  comparison  with  the  length  of  wave  which  is  being  propagated. 

Since  electrical  waves  in  telephony  are  many  miles  long,  it  was  im- 
possible to  carry  out  investigations  on  an  actual  line.  An  artificial 
cable,  equivalent  to  250  miles  of  line,  was  arranged  in  the  laboratory  at 
Columbia  University,  and  inductances  were  placed  at  periodically  recur- 
ring points.  The  current  was  measured  and  the  waves  plotted  for  the 
250  miles.  Using  several  frequencies  the  results  of  measurements  were 
compared  with  the  mathematical  theory,  and  were  in  splendid  agreement. 
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The  practical  value  of  this  discovery  is:  (i)  That  wave-energy  for 
telephony  and  telegraphy  may  be  transferred  over  much  greater  dis- 
tance. (2)  If  the  distance  remain  constant,  it  enables  wires  of  smaller 
size  to  be  used,  thus  decreasing  the  cost  of  installation.  (3)  With  the 
same  weight  of  wire  as  in  use  at  present,  the  distance  of  transmission 
may  be  greatly  increased. 

In  the  Atlantic  cable,  owing  to  the  small  magnetic  reaction,  and  also 
small  capacity  reaction,  the  resistance  reaction  predominates  by  far,  and 
the  dissipation  of  energy  is  therefore  enormous.  By  a  proper  distribu- 
tion of  inductance  coils  at  periodically  recurring  points,  say  |^  of  a  mile 
apart,  the  inductance  reaction  can  be  made  very  much  larger  than  the 
resistance  reaction  for  all  frequencies  which  are  of  importance  in 
telephony,  and  thus  the  dissipation  diminished  to  any  desired  limit. 
The  discovery  may,  and  it  is  confidently  expected  that  it  will,  result 
in  the  telephonic  transmission  across  the  Atlantic. 
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Contributions  from  the  Laboratory  of  Sanitary  Chemistry. 

II. 
AIR    TESTING  FOR   ENGINEERS. 

By  a.  G.  woodman  and  ELLEN  H.  RICHARDS. 

The  increased  amount  of  carbon  dioxide  above  the  normal  is  usually 
relied  upon  as  an  indication  of  the  extent  of  vitiation  of  atmospheric 
air.  Hence  sanitary  engineers,  architects,  and  building  inspectors  who 
have  occasion  to  test  the  efficiency  of  ventilating  systems  for  private 
and  public  buildings,  schoolhouses,  and  halls,  are  often  required  to 
make  numerous  approximately  quantitative  determinations  of  atmos- 
pheric carbon  dioxide. 

For  this  purpose  the  usual  laboratory  methods  for  the  exact  esti- 
mation of  carbon  dioxide  in  the  air  are  not  suited.  Such  methods 
require  the  passage  of  a  considerable  volume  of  air  for  a  long  time 
through  the  absorbing  solution,  or  else  the  collection  of  definite  vol- 
umes of  air  for  subsequent  examination,  and  the  use  of  carefully 
standardized  solutions  which  must  be  preserved  out  of  contact  with  the 
air  and  must  be  accurately  measured.  The  analytical  process  demands 
a  high  degree  of  skill  on  the  part  of  the  operator,  the  value  of  the 
results  obtained  being  in  direct  ratio  to  the  care  exercised  in  the  col- 
lection and  examination  of  the  samples.  For  a  comparatively  small 
number  of  tests  made  in  or  near  the  laboratory  where  the  highest 
degree  of  accuracy  is  desired,  these  methods  are  of  great  value,  but 
for  the  demands  of  engineering  practice,  where  in  the  course  of  a  few 
hours  from  fifty  to  one  hundred  tests  are  to  be  made,  and  where  com- 
parative results  rather  than  great  accuracy  are  required,  some  simpler 
form  of  apparatus  is  desirable. 

Such  an  apparatus,  to  be  satisfactory,  should  meet,  so  far  as  pos- 
sible, the  following  requirements: 

(i)  It  should  be  sufficiently  compact  and  portable  to  be  carried  in 
the  hand  from  place  to  place,  and  should  contain  within  itself  every- 
thing required  for  the  complete  determination  of  the  carbon  dioxide. 
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(2)  It  should  be  as  simple  in  construction  as  possible,  and  its  use 
should  not  involve  delicate  measurements ;  if  automatic  in  its  action, 
so  much  the  better. 

(3)  If  possible,  the  apparatus  should  be  made  entirely  of  glass, 
avoiding  prolonged  contact  of  corks  or  of  rubber  connectors  with  any 
dilute  solution  which  may  be  used. 

(4)  It  should  be  so  constructed  as  to  protect  the  solution  at  all 
times  from  the  carbon  dioxide  of  the  air,  especially  while  the  deter- 
mination is  being  made,  because  of  necessity  such  an  apparatus  must 
be  used  within  the  area  of  contamination. 

(5)  The  complete  apparatus  should  be  sufficient  for  fifty  or  more 
determinations. 

(6)  It  must  be  capable  of  giving  results  of  a  reasonable  degree  of 
accuracy,  say  within  0.5  part  of  carbon  dioxide  in  10,000  parts  of  air, 
in  the  hands  of  persons  having  little  or  no  chemical  knowledge  and 
minimum  skill  in  manipulation. 

(7)  If  a  solution  be  used  in  the  apparatus  it  should  be  one  which 
can  be  prepared  easily  from  chemicals  readily  obtained ;  the  solution 
must  maintain  its  efficiency  for  a  reasonable  length  of  time,  if  pro- 
tected from  external  influences ;  and  the  solution  should  be  one  which 
it  is  not  at  all  dangerous  or  obnoxious  to  use. 

Experience  with  several  forms  of  simple  apparatus  which  have  been 
proposed  has  shown  that  none  of  them  answers  perfectly  to  the  above 
requirements.  Methods  which  were  satisfactory  a  few  years  ago  are 
no  longer  reliable.  The  question  at  present  is  not  whether  the  air  con- 
tains 15  or  20  parts  of  carbon  dioxide  per  10,000,  but  whether  it 
contains   5  or  8. 

Simplicity  of  apparatus  is  much  to  be  desired,  but  it  should  not  be 
gained  at  too  great  sacrifice  of  accuracy.  Even  when  no  greater  pre- 
cision is  required  than  is  necessary  to  meet  the  demands  of  practical 
work,  it  is  out  of  the  question  to  measure  the  test  solution  by  means 
of  an  ordinary  pipette  or  to  preserve  it  for  any  length  of  time  in 
stoppered  vials ;  the  strength  of  the  solution  is  almost  certain  to  be 
reduced  by  contamination  with  the  breath,  by  contact  with  rubber 
or  cork.  In  the  directions  given  for  the  use  of  these  simple  forms  of 
apparatus,  not  enough  stress  is  laid  upon  the  necessity  for  extreme 
care  in  the  use  of  these  very  dilute  solutions,  the  strict  observance  of 
conditions  which  might  well  be  neglected  in  ordinary  analytical  pro- 
cedures being  here  an  essential  factor  of  success. 
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Of  the  various  simple  methods  which  have  been  tried  in  this  labo- 
ratory, perhaps  the  most  generally  satisfactory  from  the  standpoint  of 
the  engineer  is  that  proposed  by  Dr.  G.  W.  Fitz,  and  next,  the  method 
of  Cohen  and  Appleyard.*  A  brief  description  of  these  two  methods 
in  their  original  form  may  not  be  out  of  place  here. 

The  Fitz  method  is  carried  out  by 
shaking  a  small  quantity  of  dilute  lime 
water,  colored  pink  by  phenolphthalein, 
with  successive  portions  of  air  until  the 
solution  is  decolorized.  The  greater  the 
amount  of  carbon  dioxide  in  the  air, 
the  less  will  be  the  volume  of  air  re- 
quired to  neutralize  the  lime  water,  and 
vice  versa.  That  is,  the  amount  of  lime 
water  remaining  constant,  the  amount  of 
carbon  dioxide  will  vary  in  a  certain  in- 
verse ratio  to  the  volume  of  air. 

The  solutions  used  are  a  i  per  cent, 
solution  of  phenolphthalein  in  alcohol, 
diluted  with  4  parts  of  water,  and  a  "  sat- 
urated" solution  of  lime,  made  by  shaking 
an  excess  of  unslaked  lime  with  water. 
The  essential  parts  of  the  apparatus  are 
several  small  homeopathic  vials,  holding 
about  10  cubic  centimeters  each,  and  a 
"  shaker.*'  This  consists  of  a  tube  of 
about  30  cubic  centimeters  capacity, 
closed  at  one  end,  and  graduated  for  a 
distance  of  20  cubic  centimeters  from  tlic 
closed  end.  In  this  tube  by  means  of  a 
rubber  collar,  slides  a  smaller  tube  which 
is  contracted  at  the.  outer  end  so  as  to 
be  more  readily  closed  by  the  finger. 
The  apparatus  is  shown  full   size  in  Figure   i. 

Before  making  a  test  of  the  air,  10  cubic  centimeters  of  dilute 
lime  water,  prepared  by  diluting  the  *^  saturated  lime  water"  to  one 
one-hundredth  of  its  strength,  is  placed  in  each  of  the  vials.     When 


Fig.  I.  —  Fitz   Shaker. 
Full  Size. 
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ready  to  make  the  test  this  solution  is  poured  from  the  vial  into  the 
shaker  and  shaken  with  successive  portions  of  air  until  the  color  dis- 
appears. The  first  test  will  give  the  approxiniate  amount  of  carbon 
dioxide,  and  succeeding  tests,  made  by  using  the  solutions  in  the  other 
vials  will  aid  in  approaching  the  correct  result.  After  thus  deter- 
mining the  amount  of  air  required  to  produce  decolorization,  reference 
is  made  to  the  table  furnished  with  the  apparatus,  a  copy  of  which  is 
subjoined. 

TABLE  USED  WITH  THE  FITZ  APPARATUS. 


Air  in  cc.  nsed. 

COs  in  io,ooo.      ' 

Air  in  cc  used. 

CO)  in  io,ooo. 

30 

28 

91 

9  Bad. 

36 

22 

103 

8 

46 

18     . 

117 

7  Fair. 

58 

14  Very  Bad. 

138 

6 

m 

12 

165 

5  Good. 

82 

10 

207 

4 

- 

Xhis  apparatus  is  certainly  sufficiently  simple  and  portable,  but  a 
thorough  trial  of  it  has  shown  that  it  is  open  to  several  serious  sources 
of  error.  One  of  these  is  in  the  preparation  of  the  test  solution.  One 
cubic  centimeter  of  "saturated  lime  water*'  is  a  rather  sm^ll  quantity 
t-o  be  measured  accurately  by  unskilled  persons,  and  there  can  hardly 
be  any  question  concerning  the  danger  of  reducing  the  strength  of  the 
solution  through  repeated  transfers  of  lo  cubic  centimeters  of  it  to 
the  vials  by  means  of  an  ordinary  pipette.  Further,  the  dilute  solu- 
tion must  remain  in  contact  with  the  rubber  stopper  of  the  vial  until 
it  is  used,  and  while  this  may  not  be  detrimental  in  all  instances,  cases 
are  not  infrequent  in  which  the  strength  of  the  solution  is  so  greatly 
diminished  that  the  pink  color  nearly  disappears  in  a  day.  In  regard 
to  the  manner  of  using  the  shaker,  the  directions  are  decidedly  vague 
upon  a  most  important  point.  It  is  stated  that  the  instrument  is  to 
be  "shaken  vigorously  twenty-five  or  more  times."  A  trial  of  the 
instrument  in  outdoor  air  will  readily  show  that  it  makes  considcpble 
difference  whether  the  apparatus  be  shaken  twenty-five  or  7no7r  times. 
When  testing  air  which  is  low  in  carbon  dioxide,  if  the  instrument  be 
shaken    only  twenty-five   times,  the   results  will   be   much  below  the 
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actual  amount.  By  shaking  it  a  greater  number  of  times,  seventy- 
five  or  a  hundred,  it  is  possible  to  obtain  results  more  nearly  correct, 
but  this  procedure  implies  a  previous  knowledge  of  the  condition  of 
the  air  which  is  being  tested,  besides  requiring  the  test  to  extend  over 
a  considerably  longer  time. 

Another  objectionable  feature  of  the  method  lies  in  the  table  which 
gives  the  relation  of  the  amount  of  carbon  dioxide  to  the  number  of 
cubic  centimeters  of  air  used.  It  is  not  stated  just  how  this  table 
was  constructed,  but  from  the  constant  relation  of  the  values  it  is  evi- 
dently based  on  theoretical  values  of  carbon  dioxide  corresponding  to 
a  definite  strength  of  lime  water.  The  value  of  such  a  table  must 
necessarily  depend  on  the  degree  of  correspondence  between  the 
values  actually  obtained  by  the  use  of  the  apparatus  and  the  theoret- 
ical values.  It  will  be  shown  later  that  in  this  particular  case  the 
correspondence  is  not  a  very  close  one  in  all  parts  of  the  table. 

The  second  method,  that  of  Cohen  and  Appleyard,  "  depends  upon 
the  fact  that  if  dilute  lime  water,  colored  with  phenolphthalein,  con- 
taining insufficient  lime  to  combine  with  the  carbon  dioxide  present, 
is  shaken  with  the  sample  of  air,  the  rate  of  absorption  of  the  gas 
will  vary  with  its  volume.  The  time  required  to  decolorize  the  indi- 
cator will  therefore  give  the  quantity  of  dioxide  present.  The  follow- 
ing apparatus  and  chemicals  are  required : 

"1st.    A  clear  glass-stoppered  bottle  of  22  oz.  capacity. 

"  2d.  A  solution  of  phenolphthalein  prepared  by  dissolving  0.2 
grm.  in   100  c.c.  of  equal  volumes  of  alcohol  and  water. 

"3d.  A  standard  lime  solution  prepared  by  diluting  10  c.c.  of  sat- 
urated lime  water  to  one  litre. 

"4th.     Hand  bellows  for  aspirating  the  sample  of  air. 

"  The  process  is  conducted  as  follows  : 

"The  bottle  is  rinsed  out  with  water  and  drained  for  a  minute,  and 
the  sample  of  air  is  then  aspirated  by  means  of  the  bellows.  One- 
third  c.c.  of  indicator  solution  and  10  c.c.  of  dilute  lime  water  are 
added,  and  the  bottle  stoppered  and  well  shaken  with  both  hands  until 
the  pink  color  vanishes.  The  time  required  will  indicate  the  condition 
of  the  atmosphere." 

A  table  is  given  in  which  the  method  has  been  compared  with 
Pettenkofer's  method.  The  method  is  scientific  in  principle  because 
it  recognizes  the  fact  that  the  absorption  of  carbon  dioxide  by  lime 
water  is  a  time  reaction.     The  necessary  apparatus  occupies  somewhat 
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more  space  than  in  the  Fitz  method,  but  it  possesses  the  special  advan- 
tage over  the  latter  of  showing  the  condition  of  the  air  at  a  definite 
^moment. 

The  present  work  has  been  carried  out  in  order  to  adapt  these 
methods  more  particularly  to  the  needs  of  the  engineer ;  to  eliminate 
if  possible  some  of  the  objections  to  the  Fitz  method ;  to  adapt  the 
Cohen  method  to  the  use  of  liter  bottles,  which  are  more  readily 
obtained  and  materially  shorten  the  time  of  shaking ;  and  to  make 
the  two  methods  interchangeable  for  the  same  solu- 
tion. A  special  form  of  apparatus  has  been  devised 
which  seems  to  oifer  certain  distinct  advantages. 
The  best  methods  of  procedure  have  been  deter- 
mined by  careful  experiment  over  a  wide  range  of 
conditions,  and  the  exact  interpretation  to  be  placed 
upon  the  results  has  been  ascertained  by  direct  com- 
parison with  the  more  exact  Pettenkofer  method. 

The  essential  feature  of  this  special  apparatus 
which  has  been  devised  consists  of  an  automatic 
pipette  for  measuring  the  test  solution.  This  is  a 
modified  form  of  the  pipette  first  proposed  by  G.  P. 
Vanier  and  in  use  in  this  laboratory  for  a  number  of 
years.  A  general  idea  of  it  may  be  had  from 
Figure  2.  The  manner  of  using  it  is  extremely 
simple.  The  test  solution  is  preserved  in  a  i -liter 
bottle  of  hard  glass  provided  with  a  doubly  perforated 
rubber  stopper.  Through  one  opening  passes  the 
siphon  tube  of  the  pipette,  which  is  sufficiently  long 
to  reach  to  the  bottom  of  the  bottle  ;  through  the 
other  passes  a  glass  tube  ending  just  below  the 
stopper  and  connected  with  a  small  bottle  containing  fresh  soda-lime. 
By  means  of  the  three-way  cock  the  solution  is  allowed  to  flow  into 
the  small  inside  pipette  until  it  overflows.  The  stopcock  is  then 
turned  and  the  solution  allowed  to  flow  out  at  the  lowest  point.  The 
pipette  is  made  of  such  a  size  as  to  deliver  exactly  10  cubic  centi- 
meters. The  entrance  of  atmospheric  carbon  dioxide  as  the  solution 
flows  out  is  prevented  by  the  small  tube  containing  soda-lime.  The 
excess  of  liquid  which  accumulates  in  the  overflow  reservoir  may  be 
drawn  off  when  desired.  The  bottle  and  pipette  are  contained  in  a 
wooden  case  about  20x8x7  inches,  outside  dimensions,  and  with  the 


Fig.  2. —  Auto- 
matic PlPKTTK. 
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solution  weigh  about  8  pounds.  The  case  is  furnished  with  a  handle  at 
the  top  so  that  it  may  be  carried  readily  in  the  hand  from  place  to 
place.  The  complete  apparatus  is  shown  in  Figure  3.  The  bottle 
is  fastened  to  the  case,  and  the  lower  end  of  the  pipette  is  clamped 
to  a  wooden  support  to  keep  it  from  swinging. 

The  bottle  should  be  thoroughly  cleaned  and  washetl  with  potassium 


Fig.  3.  — Thb  Cokflbte  Api'ahatus. 

bichromate  and  sulphuric  acid,  and  it  is  best  also  to  steam  it  for  half  an 
hour  or  so.  As  a  further  measure  of  precaution,  the  rubber  stopper  is 
boiled  with  dilute  caustic  potash  and  thoroughly  washed,  although  the 
solution  can  come  in  contact  with  it  only  through  splashing  while  the 
case  is  licing  carried. 

The  advantages  of  this  arrangement  will  be  obvious.  The  appa- 
ratus, while  sufficiently  lij^'ht  to  be  ]iortabk',  contains  sufficient  solution 
for  90  to    100  tests.      There   is   no  danger  of    its    lx;ing    broken  with 
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ordinary  care  in  using  it,  and  it  is  practically  automatic  in  its  action. 
The  solution  is  protected  perfectly  from  the  carbon  dioxide  of  the  air 
and  never  comes  in  contact  with  anything  but  glass. 

The  method  of  preparation  of  the  solutions  and  the  manner  of 
making  the  tests  which  have  been  found  to  give  the  best  results  will  be 
described  in  detail,  since  experience  has  shown  that  these  directions 
cannot  be  too  minute. 

Preparation  of  the  Test  Solution.  —  The  solution  used  is  a  dilute 
solution  of  lime  water  colored  with  phenolphth^lein.  To  freshly  slaked 
lime  add  twenty  times  its  weight  of  water  in  a  bottle  of  such  size  that 
it  is  not  more  than  two-thirds  full.  Shake  the  mixture  continuously 
for  20  minutes,  and  then  allow  it  to  settle  over  night  or  until  perfectly 
clear.  The  resulting  splution  is  the  stock  lime  solution,  or  "  saturated 
lime  water."  If  made  in  the  mapner  indicate^,  each  cubic  centimeter 
of  it  ought  \o  be  very  nearly  equivalent  to  i  milligram  of  carbon  dioxide. 
If,  however,  it  is  desire4  to  know  the  strength  of  it  more  exactly,  it  may 
be  determined  by  standard  acid. 

To  prepare  the  "test  solution,"  pour  into  the  i -liter  bottle  of  the 
testing  apparatus  i  measured  liter  of  distilled  i^ater,  and  add  5  c.c.  of 
solution  of  phenolphthalein  (made  by  dissolving  0.7  gram  of  phenol- 
phthalein  \y\  50  c.c.  of  ^Icohol  and  adding  an  equal  voluipe  of  water). 
Stand  the  bpttle  on  a  sl^eet  of  white  paper  and  ^dd  the  "  saturated  lime 
water,"  drop  by  drop  from  a  pipette,  shaking  the  bottle  thoroughly  after 
each  addition,  until  a  f^int  pink  color  is  produped  which  is  permanent 
for  I  minute.  Now  add  12.6  c.c.  of  the  "  saturated  lime  water,"  shake, 
and  immediately  connect  the  bottle  again  to  the  apparatus. 

To  shorten  the  timp  required  in  testing  air  which  is  low  in  carbon 
dioxide,  it  may  be  found  advantageous  to  use  a  solution  only  half  as 
strong  as  the  above.  This  "  half  solution  "  is  prepared  in  precisely  the 
same  way,  using  2.5  c.c.  of  the  phenolphthalein  solution,  and  6.3  c.c.  of 
the  "saturated  lime  water." 

While  this  procedure  does  not  give  an  exact  volume  of  solution,  it  is 
believed  to  be  the  best  for  the  preparation  of  this  dilute  test  solution, 
since  it  obviates  the  necessity  for  pouring  the  prepared  solution  from 
the  measuring  flask  into  the  bottle  in  which  it  is  kept ;  12.6  c.c.  of  the 
stock  lime  solution  is  added  rather  than  10  c.c,  in  order  to  keep  the 
values  obtained  with  the  resulting  solution  more  nearly  comparable  with 
the  older  values  calculated  on  the  supposition  that  10  c.c.  of  "saturated 
lime  water  "  was  equivalent  to  12.6  milligrams  of  carbon  dioxide. 
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TABLE  A. 


Sundard  Test  Solution. 
COs  in  10,000. 

Cubic  Cent.  Air. 

"  Half  Solution." 
COf  in  iO|Ooo. 

22.2 

50 

15.6 

18.0 

70 

12.4 

15.1 

90 

10.2 

13.0 

110 

8.7 

11.3 

130 

7.5 

9.9 

150 

6.6 

8.8 

170 

5.8 

8.0 

190 

5.2 

7.3 

210 

4.8 

6.8 

230 

4.5 

6.3 

250 

4.3 

5.9 

270 

4.1 

5.6 

290 

3.95 

5.4 

310 

3.8 

5.1 

330 

3.7 

4.8 

350 

3.6 

4.7 

370 

•  •  • 

4.5 

390 

■  •  • 

4.4 

410 

•  •  • 

4.2 

450 

•  •  • 

4.0 

490 

•  •  • 

3.9 

530 

•  •  • 

Method  of  Making  the  Test,  —  See  that  the  inner  tube  of  the  shaker 
slides  readily  in  the  outer  one,  moistening  the  rubber  collar  slightly  if 
necessary.  Have  the  inner  tube  pressed  down  to  the  bottom  of  the 
larger  one,  and  measure  into  the  apparatus  10  cubic  centimeters  of 
the  test  solution  from  the  automatic  pipette.  Pull  the  inner  tube  up 
to  the  5  c.c.  mark  (the  bottom  of  the  inner  tube  serving  as  the  index) 
and  close  the  end  of  the  tube  with  the  finger.  Hold  the  apparatus 
horizontally,  and  shake  it  vigorously  for  exactly  30  seconds. 

The  amount  of  air  which  is  thus  brought  in  contact  with  the  solu- 
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tion  is  equh'alent  to  30  cubic  centimeters,  as  there  are  25  cubic  centi- 
meters of  air  above  the  liquid  when  the  small  tube  is  forced  to  the 
bottom  of  the  larger.  Remove  the  finger,  press  down  the  small  tube 
again  to  the  bottom  of  the  larger  and  draw  it  up  to  the  20  c.c.  mark. 
Shake  the  apparatus  again  for  30  seconds.  The  amount  of  air  brought 
in  contact  with  the  solution  is  now  30  +  20  =  50  c.c.  Repeat  the 
shaking,  using  20  c.c.  of  fresh  air  each  time,  until  the  pink  color  is 
discharged.  The  amount  of  carbon  dioxide  corresponding  to  the  num- 
ber of  cubic  centimeters  of  air  used  will  be  found  in  Table  A. 

Notes  and  Precautions,  —  Care  should  be  taken  that  the  finger  used 
to  close  the  end  of  the  tube  is  perfectly  clean,  since  on  a  warm  day  the 
free  acid  in  the  perspiration  might  easily  vitiate  the  results. 

If  greater  accuracy  is  desired,  the  shaker  should  be  filled  with  the 
air  to  be  tested  before  running  in  the  test  solution.  This  may  be  done 
readily  by  filling  the  shaker  with  water  and  emptying  it  or  by  forcing 
air  into  the  tube  by  means  of  a  small  rubber  bulb. 

The  apparatus  should  be  shaken  vigorously  and  continuously  during 
the  30  seconds  in  order  to  absorb  practically  all  of  the  carbon  dioxide 
in  20  c.c.  of  air.  The  number  of  shakings  ought  not  to  be  less  than 
100  during  this  time. 

Care  should  be  taken  not  to  contaminate  the  air  while  the  sample 
is  being  taken.  The  breath  should  be  held  momentarily  while  the  air 
in  the  apparatus  is  being  replaced,  and  the  sample  should  be  collected  as 
far  to  one  side  of  the  body  as  possible.  It  ought  not  to  require  over 
10  seconds  to  replace  the  air,  and  the  entire  test,  with  air  containing,  say, 
8  parts  of  carbon  dioxide  per  10,000,  should  not  require  over  6  minutes. 

If  less  than  90  c.c.  of  air  is  required  to  discharge  the  pink  color,  the 
test  should  be  repeated,  using  10  c.c.  of  air  each  time  after  the  first  30  c.c. 

It  is  not  necessary  to  rinse  out  the  shaker  after  making  each  test, 
but  it  should  be  carefully  washed  and  dried  after  using,  and  the  parts 
kept  separate  when  not  in  use. 

The  "half  solution"  is  used  in  exactly  the  same  manner  and  amount 
as  the  regular  test  solution,  reference  being  made  to  the  appropriate 
portion  of  the  table. 

For  the  Cohen  method  the  same  solutions  may  be  used  and  meas- 
ured from  the  same  apparatus.  The  samples  are  collected  in  white, 
glass-stoppered  bottles  of  i -liter  capacity.  This  may  be  done  by  aspi- 
rating the  air  with  a  bellows  as  directed  in  the  original  method,  or  the 
bottles  may  be  completely  filled  with  water  which  is  then  emptied  at 
the  place  where  the  air  is  to  be  tested.     Ten  cubic  centimeters  of  the 
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test  solution  are  run  in  from  the  automatic  pipette,  the  time  noted, 
and  ^he  bottle  shaken  continuously  and  vigorously  with  both  hands 
until  the  pink  color  vanishes.  It  will  aid  materially  in  determining 
the  exact  point  of  disappearance  of  the  color  if  a  piece  of  white  paper, 
about  i-^  inches  by  3  inches,  is  pasted  on  the  side  of  the  bottle  near  its 
lower  edge,  a  similar  piece  joining  it  on  the  bottom  of  the  bottle.  In 
observing  the  color  the  solution  is  held  in  the  angle  formed  by  the 
pieces  of  paper  and  the  disappearance  of  the  color  is  more  readily  appar- 
ent. From  the  time  required  the  amount  of  carbon  dioxide  in  the  aif 
may  be  found  by  referring  to  Table  B. 

TABLE  B. 


COi  in  10,000. 
Standard  Solution. 

Time. 
Minutcf  and  Seconds. 

COf  in  10,000. 
"  Ha  £  Solution." 

COs  in  zo,ooa 
Standard  Solution. 

1 

Time. 
Minutes  and  Seconds. 

•  •••  ' 

0.15 

•  •  •  • 

4.0 

5.45 

•  •  •  • 

0.30 

15.6 

•  ■  • 

6.00 

f-r 

0.45 

12.1 

3.9 

615 

16.0 

• 

1.00 

9.9 

•  •  • 

6.30 

13.1 

1.15 

8.4 

3.8 

6.45 

11.4 

1.30 

7.2 

•  •  • 

7.00 

10.1 

1.45 

6.3 

•  •  ■ 

7.15 

9.1 

2.00 

5.5 

3.7    • 

7.30 

a.3 

215 

*? 

•  •  • 

••  t' 

7.6 

2.^ 

4.4 

•  •  • 

•  •  •  • 

7.0     • 

2.45 

4.0 

•  •  • 

•  •  •  • 

6.5 

3.00 

3.8 

•  *  • 

•  •  •  • 

6.1 

3.15 

3.7 

•  •  • 

•It* 

5.7 

3.30 

3.6 

•  •  • 

•  •  •  • 

5.4 

3.45 

•  •  ■  • 

•  •  • 

•  •  •  • 

5.1 

4.00 

•  •  •  • 

•  •  • 

•  •  •  • 

4.9 

•  4.15 

•  •  •  • 

•  •  • 

•  •  •  • 

4.7 

4.30 

•  •  •  • 

•  •  • 

•  ••• 

4.5 

4.45 

f  •  •• 

•  •  • 

f  •  •  • 

4.3 

5.00 

•  •f  • 

•  •  • 

•  • « • 

4.2 

5.15 

•  •  •  • 

•  •  • 

•  •  •  • 

4  1 

5.30 

•  •  •  ■ 

. .  f 

•  •  •  • 
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Having  found  by  experiment  the  best  mode  of  procedure  in  each 
case,  a  number  of  determinations  have  been  carried  out  by  both  meth- 
ods, using  both  the  standard  and  "  half  solutions,"  in  order  to  determine 
the  correct  values  to  be  assigned  in  Tables  A  and  B.  Tests  have  been 
made  exactly  as  just  prescribed,  in  air  containing  varying  amounts  of 
carbon  dioxide,  the  results  being  compared  with  samples  taken  at  the 
same  time,  in  which  the  exact  amount  of  carbon  dioxide  was  determined 
by  the  Pettenkofer  method.  The  greater  part  of  the  tests  were  made 
in  duplicate,  and  by  two  independent  observers  in  order  to  eliminate  the 
personal  equation.  Over  1 50  determinations  were  made  by  the  Petten- 
kofer method,  and  many  more  by  the  others,  the  average  results  of  a 
number  of  tests  being  taken  as  a  basis  for  calculation.  The  samples 
below  10-12  parts  of  carbon  dioxide  were  taken  directly  in  rooms  under 
normal  conditions.  For  the  samples  showing  more  than  this  use  was 
made  of  an  air-tight  chamber  constructed  for  another  purpose,  in  which 
the  test  could  be  carried  out  and  samples  taken  for  the  Pettenkofer 
method  simultaneously.  When  the  air  contained  more  than  15  parts 
of  carbon  dioxide,  the  test  was  made  by  using  10  c.c.  of  air  each  time 
instead  of  20,  as  suggested  above. 

From  the  comparison  of  the  results  obtained,  the  curves  have  been 
plotted  which  are  shown  in  Figures  4  and  5,  each  point  plotted  being 
the  mean  of  a  number  of  determinations.  The  values  given  in  Tables 
A  and  B  have  been  obtained  by  interpolation  in  these  curves.  It  will 
be  observed  in  Figure  4  that  the  values  obtained  by  actual  experiment 
are  quite  divergent  in  some  parts  of  the  curve,  from  the  theoretical 
values,  especially  in  the  case  of  the  lower  values,  the  last  traces  of  car- 
bon dioxide  being  always  much  more  difficult  of  absorption  by  dilute 
alkalies. 

The  automatic  pipette  was  made  for  us  in  a  most  satisfactory 
manner  by  Emil  Greiner,  of  New  York.  The  Fitz  "  shakers "  may 
be  obtained  from  the  L.  E.  Knott  Apparatus  Company,  Boston. 

Massachusetts  Institute  of  Technology, 
Boston f  Mass,^  March  ^  igoi. 
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Contributions  from  the  Physical  Laboratory  of  the  Massa- 

.    chusetts  Institute  of  Technology. 

AN  APPARATUS    FOR    RECORDING   ALTERNATING 

CURRENT    WAVES} 

By  frank  a.  laws. 

The  apparatus  forming  the  subject  of  this  communication  was  con- 
structed at  the  Rogers  Laboratory  in  1898,  and  has  proved  of  sufficient 
value  to  merit  a  short  description.  In  brief,  the  arrangement  gives  us 
a  modification  of  the  "contact  ipiethod,"  by  which  the  record  is  rendered 
continuous  and  traced  photographically. 

The  necessary  electrical  connections  are  shown  in  the  diagram,  Fig- 
ure I .  K^  and  K^  are  two  rigidly  connected  contact  wheels  of  ebonite. 
Into  the  periphery  of  each  wheel  are  set  four 
brass  blocks.  These  are  accurately  placed  90° 
apart.  Upon  each  wheel  a  brush  and  collector 
ring  give  permanent  contact  with  the  blocks.  An- 
other brush  resting  on  the  periphery  of  the  wheel 
completes  electrical  connection  as  the  blocks  pass 
under  it.     The  brushes  are  so  placed  that  contact 

is  made  and  broken  at  K^  before  K^  closes.  The  contact  wheels  are 
driven  by  a  synchronous  motor,  which  gives  one  revolution  for  four  com- 
plete alternations  of  the  E.  M.  F.  G^  is  a  dead-beat  galvanometer,  and 
C  is  an  adjustable  condenser.  The  leads  a  and  b  are  carried  to  the 
points  between  which  the  P.  D.  is  to  be  investigated.  By  inspection  of 
the  diagram  it  will  be  seen  that  once  on  each  wave,  and  at  a  definite 
point  the  condenser  C  is  charged  to  the  potential  existing  between  a  and 
b.  As  the  charge  is  determined  by  the  breaking  of  the  contact,  the 
blocks  may  be  of  sufficient  width  to  eliminate  the  effect  of  the  jumping 
of  the  brushes.  Also  the  resistance  at  the  contact  will  not  be  of  suffi- 
cient magnitude  to  prevent  complete  charging  of  the  condenser. 


*  Reprinted  from  the  Proceedings  of  the  American  Academy  of  Arts  and  Sciences, 
VoL  36,  No.  17,  January,  1901. 
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The  function  of  K-^  is  to  discharge  the  condenser  through  the  galva- 
nometer after  K^  has  broken  circuit.  The  instrument  would  ordinarily 
experience  a  constant  deflection,  but  A*!  and  K^  are  rigidly  connected 
and  mounted  on  a  radial  arm,  which  is  geared  to  the  shaft  so  that  it 
moves  very  slowly.  The  efTect  is  to  move  gradually  the  contact  p(»int 
over  the  wave.  The  deflection  of  the  galvanometer  will  at  any  instant 
be  proportional  to  the  P.  D.  between  a  and  b  at  the  instant  of  breaking 
at  K^,  or  in  other  words,  the  deflection  follows  the  wave  form. 

The  actual  arrangement  is  shown  in  t'igure  2  where  the  contact 
device,  the  synchronous  motor,  and  the  direct  current  motor  used  for 
starting  the  apparatus  will  be  seen.     By  use  of  worm  gearing  the  wheel 


Fro.  *.  —  ARRANGkUBNT   OT  THE   APPARATUS. 

train  necessary  for  moving  the  brushes  is  made  very  compact  ;  the 
retluction  for  the  instrument  shown  is  7200  to   i. 

I  have  found  Sullivan's  Universal  Galvanometer  to  be  a  most  sat- 
isfactory instrument  for  use  with  the  apparatus.  This  galvanometer, 
of  the  D'Arsonval  type,  has  a  carefully  balanced  coil,  so  that  it  is 
not  very  susceptible  to  mechanical  disturbances ;  also  the  magnetic 
damping  is  most  carefully  adjusted.  The  instrument  is  not  of  great 
sensitiveness,  but  owing  to  the  stiff  suspension  the  zero  is  perfectly 
definite. 

The  camera  used  for  recording  the  curves  is  shown  in  Figure  3. 
The  plate  is  contained  in  an  ordinary  phte  h  )!Lbr.     This  is  moved  ver- 
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tically  by  a  fine  wire  which  is  wound  on  a  drum,  seen  in  Figure  2,  just 
in  front  of  the  lower  worm-wheel.  This  drum  can  be  thrown  in  at  pleas- 
ure by  a  pin  clutch.  The  slide  of  the  plate  holder  is  held  stationary  by 
a  pin,  so  that  the  plate  is  exposed  as  the  holder  is  drawn  up. 

The  front  of  the  camera,  shown  removed,  is  provided  with  a  narrow 
slit  about  -J  Jj  of  an  inch  wide.  In  front  of  it  are  projecting  lips  9  inches 
long  and  ^  of  an  inch  apart.  They  are  blackened  within,  and  serve 
effectually  to  shut  out  extraneous  light,  and  thus  prevent  fogging  of  the 


Fig.  3.  —  Camera  for  Recordini:  the  Curves. 

plate  The  spot  of  light  used  was  the  sharply  focussed  image  of  the 
filament  of  an  incandescent  lamp.  An  alternative  arrangement  is  to 
use  a  plate  of  ground  glass  in  the  holder,  and  to  have  a  straight-edge 
fastened  across  the  guides.  It  is  then  easy  to  keep  the  point  of  a  pencil 
in  contact  with  it  and  ujxin  the  spot  of  light. 

The  arrangement  described  is  of  course  a  device  for  obtaining  the 
average  wave,  and  unsuitable  for  recording  transient  phenomena.  The 
time  taken  in  recording  a  wave  at  120  cycles  per  second  is  about  ij- 
minutes. 
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Fig.  4.  —  Potential  difference  between  the  carbons  of  an  enclosed  arc,  in  series  with 
reactive  coil. 

The  curves  were  taken  about  i  minute  apart  with  a  view  to  testing  the  concordance  uf 
the  readings. 


Fig.  5. — Ai  potential  difference  between  the  terminals  of  a  small  alternating  current 
motor.     By  current  through  motor.  ^ 


Fig.  6.  —  Curve  A  is  E.  M.  F.,  and  B  is  current  in  one  phase  of  a  quarter-phase  synchro- 
nous motor  running  idle  with  the  field  adjusted  for  minimum  current.  Source  of  power  was 
a  three-phase  dynamo  with  phasing  transformers  arranged  on  the  Scott  system. 
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The  adjustable  condenser  allows  one  to  adapt  the  apparatus  to  vary- 
ing conditions,  so  the  E.  M.F.  curves  may  be  taken  directly,  and  the 
current  curves  by  the  use  of  a  drop  wire,  as  indicated  in  Figure  i .  In 
starting  the  arrangement  it  is  very  easy  to  determine  when  the  proper 
speed  for  synchronism  has  been  attained  by  watching  the  spot  of  light, 
or  by  listening  to  a  telephone  which  is  inserted  in  place  of  the  galva- 
nometer. With  the  latter  one  hears  slow  beats  as  the  contact  moves 
over  the  wave.  On  page  108  are  given  some  examples  of  the  records 
obtained  with  the  device. 

Rogers  Laboratory  of  Physics, 
Jufu,  igoo. 
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TYPHOID  FEVER  AT  NEWPORT,  R.  /.,  /A^  1900,  AND  ITS 
RELATION  TO  DEFECTIVE  SANITATION. 

By  CHARLES-EDWARD  AMORY  WINSLOW,  S.M. 

The  number  of  cases  of  typhoid  fever  reported  to  the  sanitary 
officials  of  the  city  of  Newport,  Rhode  Island,  began  to  be  excessive 
early  in  September  of  the  year  1900.  Week  by  week  the  disease 
spread,  and  about  the  middle  of  October  the  local  authorities  resolved 
to  call  in  expert  assistance.  Specimens  from  certain  sources  of  water- 
supply  which  had  fallen  under  suspicion  were  sent  to  the  Massachusetts 
Institute  of  Technology  for  examination,  and  were  referred  to  Professor 
W.  T.  Sedgwick..  At  Professor  Sedgwick's  request,  and  under  his  gen- 
eral direction,  I  undertook  the  investigation  of  the  outbreak,  and  I  desire 
at  the  outset  to  express  my  thanks  for  his  advice  and  assistance  in  its 
prosecution.  I  wish  also  to  acknowledge  the  cordial  cooperation  of 
Dr.  R.  E.  Darrah,  of  Newport,  and  of  many  other  persons  who  aided 
me  in  the  study  of  the  conditions  on  the  spot. 


I.     Prevalence  of  the  Disease  in  Previous  Years. 

The  amount  of  typhoid  fever  in  Newport  of  late  years  has  not  been 
excessive  as  compared  with  that  in  other  American  cities.  The  records 
for  the  last  five  years  are  summarized  in  the  following  table,  the  reported 
cases  having  been  obtained  from  the  records  of  the  Newport  Health 
Office,  and  the  deaths  from  the  Registration  Reports  of  the  State  of 
Rhode  Island.^  I  have  calculated  the  population  for  the  years  between 
the  State  Census  of  1895  and  the  National  Census  of  1900,  on  a  geo- 
metrical ratio. 


'The  figures  for  1899  were  obtained  through  the  courtesy  of  Dr.  Gardner  T.  Swarts, 
Registrar  of  Vital  Statistics. 
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TABLE  I. 

Typhoid  Fever  in  Newport,  1895-1899. 


Year. 

Population. 

Reported  cases  of 
Typhoid  Fever. 

Deaths  from 
Typhoid  Fever. 

Death  rate  per  100,000 
population. 

1895     .     .      . 

21,537 

32 

9 

41.8 

1896    .    .   •. 

21,828 

29 

7 

32.1 

1897    .    .     . 

22,124 

21 

1 

4.5 

1898   ..    . 

22,423 

34 

6 

26.8 

1899   .     .    . 

22,727 

52 

9 

39.6 

A  comparison  of  the  last  column  in  this  table  with  the  death  rates 
from  typhoid  in  other  New  England  cities,  shows  that  Newport  has  not 
suffered  more  severely  in  the  past  than  have  those  municipalities  whose 
general  conditions  are  fairly  comparable  with  her  own.  The  figures 
for  the  other  cities,  in  Table  II,  are  taken  from  the  monograph  on 
Public  Hygiene  and  State  Medicine,  prepared  by  Dr.  S.  W.  Abbott 
for  the  United  States  Commission  to  the  Paris  Exposition. 


TABLE  II. 

Death  Rate  from  Typhoid  Fever  per  100,000  Population,  in  Five  New  England 

Cities,  1895-1898. 


City. 

1895. 

1896. 

1897. 

1S98. 

Newport,  R.  I.  .     .     . 

42 

32 

5 

27 

Providence,  R.  I.    .    . 

31 

27 

15 

24 

Boston,  Mass.    .     .     . 

32 

31 

33 

35 

Fall  River,  Mass.  .     . 

33 

27      ' 

33 

21 

Worcester,  Mass.  .     . 

25 

14 

14 

12 

II.     Extent  of  the  Outbreak. 

It  will  be  noted  on  inspection  of  Table  I  that  the  number  of 
reported  casee  of  typhoid  fever  had  risen  in  1899  to  52,  as  compared 
with  an  average  of  29  for  the  four  years  next  previous.  This  increase 
was  really  even  more  marked  than  is  indicated  by  these  figures,  because, 
of  the  34  cases  reported  in  1898,  12  were  brought  to  town  from  Camp 
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Meade  and  Montauk  Point.  There  were  then  twice  as  many  indigenous 
cases  in  1899  as  in  1898,  and  in  I9Chd  the  increase  proceeded  in  almost 
a  geometrical  progression.  The  number  of  reported  cases  was  127,  of 
which  number  108  were  of  later  date  than  September  i.  The  weekly 
distribution  of  cases  is  shown  in  Table  III.  The  dates  of  cases  prior 
to  November  20  were  fixed  by  the  day  on  which  the  patient  took  to 
bed.  For  the  subsequent  cases,  only  the  dates  of  the  physician's  report 
of  the  cases  were  available. 


TABLE  III. 

Weekly  Distribution  of  Cases  During  the  Year  1900. 


W«ek  Beginning. 

Cases. 

Week  Beginning. 

Cases. 

Week  Beginning. 

Cases. 

Jan.    IS   .     .     . 

1 

Aug.   13  .     . 

• 

1 

Oct.    22  .    . 

5 

Mar.  19  .     .     . 

1 

Aug.  20  .     . 

2 

Oct.    29  .    , 

4 

Apr.  23  .     .    . 

2 

Aug.  27  .     . 

4 

Nov.    5  .   • 

•     5 

May   21  .    .     . 

2 

Sept    3  .    . 

6 

Nov.  12  .    . 

4 

June    4  .    .     . 

1 

Sept.  10  .    . 

4 

Nov.  19  .    . 

3 

June  11   .     .     . 

2 

Sept.  17  .    , 

9 

Nov.  26  .    . 

3 

July      2  .     .     . 

1 

Sept.  24  .    . 

14 

Dec.     3  . 

7 

July     9  .     .     . 

1 

Oct.      1  .    , 

19 

Dec.   10  . 

2 

July    23   .     .     . 

1 

Oct.      8  .    . 

11 

Dec.   24  . 

2 

Aug.    6  .     .     . 

2 

Oct.    15  . 

8 

Total  .    . 

127 

The  number  of  deaths  from  typhoid  fever  during  the  year  was  18, 
giving  a  ratio  to  the  population,  which  according  to  the  Census  of  1900 
is  23,034,  of  78.1  per  100,000.  The  relation  between  this  outbreak  and 
the  amount  of  typhoid  fever  prevalent  in  previous  years  is  seen  more 
clearly  from  the  accompanying  diagram,  Figure  i,  which  shows  the 
distribution  of  cases  by  months  for  the  past  five  years. 


III.     Condition  of  the  Public  Water  Supply. 

The  first  possible  cause  which  suggested  itself  to  the  public  in  rela- 
tion to  the  large  excess  of  typhoid  fever  in  1900,  was  the  city  water 
supply,  and  this  theory  spread  the  more  widely  because  the  Newport 
water  had  been  highly  colored  during  the  late  summer,  and  characterized 
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by  a  strongly  marked  mouldy  or  grassy  odor.  This  water,  which  is 
supplied  to  the  city  by  the  Newport  Water  Company,  is  derived  from 
Easton's  Pond,  a  shallow  body  of  water  covering  about  250  acres  to  the 
northeast  of  the  city,  and  separated  into  a  northern  and  a  southern  basin 
by  an  artificial  causeway.  The  supply  is  taken  from  the  more  southerly 
of  these  reservoirs,  and  is  passed  through  rapid  mechanical  filters,  with 
the  addition  of  alum  as  a  coagulant,  before  entering  the  force  main. 
This  filtration  was  not,  however,  carried  on  with  sufficient  care  to  re- 
move the  Algae,  which  at  the  time  of  my  visit  made  the  water  of  the 
lower  basin  resemble  a  sort  of  gray-green  soup,     I  found  in  the  eflfluent 


Fig.  I.  —  Report  Casks  of  Typhoid  Fevkr  in  Newport,  R.  I.,  by  Months,  i895>i9oo. 


from  the  filter  plant,  filaments  of  Anabaena  and  entire  colonies  of  Coelos- 
phaerium,  two  members  of  the  group  of  the  Cyanophyceae  which  have 
perhaps  caused  more  trouble  to  water-works  superintendents  than  any 
related  forms.  It  was  presumably  to  these  two  forms  that  the  unpleas- 
ant taste  and  odor  of  the  water  had  been  mainly  due. 

From  an  epidemiological  standpoint,  however,  a  brief  inspection  of 
the  reservoirs  gave  no  evidence  of  any  serious  defects.  The  south  basin 
of  Easton's  Pond  is  protected  from  surface  pollution  by  a  ditch  which 
surrounds  it  and  drains  to  the  ocean.  The  watershed  of  the  north  basin 
is  thinly  settled,  and  the  reservoirs  are  so  large  as  to  secure  the  purify- 
ing effects  of  storage  in  a  considerable  degree.  A  specimen  of  the 
water  taken  from  a  tap  in  the  town  on  October  13,  gave  the  following 
analysis,  which,  though  it  shows  a  large  amount  of  albuminoid  ammonia, 
due  perhaps  to  the  vegetable  growth,  and  an  excess  of  nitrates,  does 
not  indicate  the  presence  of  recent  sewage  pollution. 
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Sample  of  Newport  Tap  Water  Collected  October  12,  1900. 

(Parts  in  100,000.) 

Turbidity.  Sediment.  Color.  Odor.  Free  Ammonia.      Alb.  Ammonia. 

Very  slight.        Very  slight.  .35        Dist.   veg.    Mouldy.  .0018  .0372 

Chlorine.       Nitrogen  a«  Nitrites.        Nitrogen  at  Nitrates.        Hardness.  Bacteria  per  c.c.        B.  coll. 

1.86  .0000  .0350  2.6  334  0 

Conclusive  proof  that  the  typhoid  fever  was  not  due  to  the  water 
supply  was  found,  however,  in  the  geographical  distribution  of  the  cases. 
In  a  water  epidemic  the  cases  appear  in  all  quarters  of  the  town,  follow- 
ing the  lines  of  the  water  mains,  being  perhaps  thickest  near  the  distrib- 
uting reservoirs,  but  otherwise  occurring  about  equally  in  all  districts. 
It  is  impossible  that  a  general  infection  carried  equally  to  all  parts  of  a 
city  should  produce  a  large  number  of  cases  in  a  single  neighborhood 
and  pass  by  others  similarly  circumstanced.  In  Newport,  however,  as 
will  be  seen  by  an  inspection  of  the  accompanying  plans,  the  great  major- 
ity of  the  cases  occurred  in  a  limited  district  of  the  first  ward,  twenty- 
six  of  them  within  a  radius  of  300  feet.  On  Figure  2,  which  represents 
the  thickly  settled  portion  of  Newport,  the  cases  of  typhoid  fever  re- 
ported between  the  ist  of  August  and  the  20th  of  November  are  indi- 
cated by  the  black  dots.  A  moment's  study  of  this  map  is  sufficient 
to  show  that  some  more  local  source  of  infection  than  the  city  water 
must  be  sought. 

IV.     The  Bridge  Street  Well. 

The  well  popularly  known  as  the  "Jones  Well,"  at  26  Bridge  Street, 
which  formed  the  supplementary  water  supply  of  the  affected  district, 
and  was  frequently  used  in  preference  to  the  city  water  on  account  of 
the  coolness  of  the  former,  and  the  color  and  odor  of  the  latter,  was  the 
next  object  of  suspicion.  It  seemed  at  first  that  the  cases  were  distrib- 
uted so  evenly  over  so  long  a  period  of  time  as  to  make  it  improbable 
that  any  single  cause  had  been  instrumental  in  all  of  them.  Investiga- 
tion soon  showed  that  many  of  the  patients  had  not  drunk  the  well 
water.  It  also,  however,  made  it  apparent  that  the  cases  in  which  well 
water  had  been  u.sed,  were  those  most  strictly  localized  in  time.  While 
the  other  cases  straggled  along  rather  evenly  from  week  to  week,  those 
of  this  class  were  grouped  together,  beginning  with  one  or  two  isolated 
cases  early  in  September,  becoming  numerous  after  the  15th,  reach- 
ing a  maximum  of  six  cases  on  the  29th,  and  declining  again  after 
October  7.     The  well  was  closed  and  boarded  over  in  accordance  with 
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my  recommendation  on  the  1 5th  of  October,  and  after  October  29,  or 
the  lapse  of  the  average  incubation  period  for  typhoid  fever,  only  three 
cases  have  occurred  in  the  community  using  the  Jones  Well,  and  all 
three  were  return  cases  traceable  to  personal  contagion.  (See  Figure  3.) 
We  find  then,  thirty-eight  cases  of  typhoid  fever  occurring  between 
September  16  and  October  ^3  in  a  limited  district  and  among  a  popu- 
lation using  a  special  source  of  water  supply.  This  source  of  supply 
was  a  shallow  well  about  10  feet  deep,  and  8  feet  in  diameter,  with  sides 
of  uncemented  stone  and  a  covering  of  planking,  upon  which  those  who 
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Fig.  3.  —  Keported  Cases  of  Typhoid  Fever  in  Newport  by  Weeks,  during  the 

FIRST  Ten  Months  of  the  Year  1900. 

The  black  colamns  indicate  those  cases  in  which  the  Bridge  Street  well  had  been  used 
for  water  supply,  the  cross-hatched  columns  represent  thoae  cases  in  which  there  was  no 
such  history. 

used  the  water  stood  while  operating  the  primitive  wooden  pump  by 
which  it  was  raised.  The  watershed,  sloping  gently  to  the  east,  included 
some  twenty  privy  vaults  within  400  feet,  the  nearest  being  in  the  rear 
of  Numbers  28  and  26  Bridge  Street,  respectively  25  feet  and  60  feet  to 
the  southward  (Figure  4).  The  water  level  in  the  well  was  about  2  feet 
below  the  surface  of  the  ground,  so  that  the  material  from  the  vaults 
could  pass  laterally  through  the  filth  laden  and  water  soaked  soil  with- 
out any  downward  filtration  whatever.  The  following  analysis  of  the 
well  water  fully  confirms  the  conclusion  drawn  from  a  sanitary  inspec- 
tion—  that  the  well  was  grossly  contaminated. 
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Sample  of  Water  from  Well  at  26  Bridge  Street,  Collected  OcroBER  12, 1900. 

(Parts  in  100,000.) 

Odor,  cold.  Odor,  hot  Free  Ammonia.  Albuminoid  Ammonia.  Chlorine. 

F.  musty.  None.  .0248  .0068  8.30 


Nitrogen  as  Nitrites. 
.0500 


NitroKen  as  Nitrates. 
.8500 


Hardness. 
12.11 


Bacteria  per  c.c. 
6100 


B.  colL 
Present 


Fig.  4.  —  Sketch  Plan  of  Part  of  the  Watershed  of  the  Bridge  Street  Well. 

Each  black  circle  indicates  the  occurrence  of  a  case  of  typhoid  fever,  between  August  30 
and  October  30,  190a 


If  typhoid  germs  can  ever  be  carried  through  the  earth,  they  could 
be  carried  from  the  dejecta  of  a  typhoid  patient  in  one  of  the  neigh- 
boring vaults  to  a  well  of  this  character.  That  such  dejecta  were  pres- 
ent is  certain.  On  August  31,  there  was  a  case  of  typhoid  fever  at 
1 1  Bridge  Street,  with  a  vault  about  200  feet  northeast  of  the  well,  and 
on  September  3,  there  was  a  case  in  Cozzens  Court  with  a  vault  300  feet 
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southeast,  (see  Figure  4).  It  is  easy  to  conceive,  especially  as  I  found 
that  the  excreta  had  not  been  disinfected  in  these  early  cases,  that  a 
slight  amount  of  infective  material  may  have  found  its  way  from  one  of 
these  sources  to  the  well,  and  caused  the  first  few  cases.  One  of  these 
first  cases,  already  sick  with  what  proved  later  to  be  typhoid  fever,  left 
28  Bridge  Street  on  September  15.  The  vault  in  which  the  excreta  of 
this  patient  were  received  was  only  25  feet  from  the  well ;  and  it  is  still 
easier  to  conceive  that  infection  passed  through  this  short  distance  and 
caused  the  later  outbreak  which  culminated  with  twelve  cases  in  the 
week  of  October  12.  In  some  such  way,  either  by  percolation  through 
the  open  soil  or  by  accidental  infection  from  the  top,  the  well,  in  my 
judgment,  became  infected,  and  caused  about  one-third  of  the  cases 
making  up  the  total  outbreak. 

V.     Other  Possible  Vehicles  of  Infection. 

The  fact  that  no  large  number  of  typhoid  fever  patients  had  a  com- 
mon milk  supply,  excludes  that  important  factor  in  the  transmission  of 
disease.  Among  the  one  hundred  and  ten  cases  investigated,  (up  to 
November  20),  there  were  thirty-one  milkmen ;  the  greatest  number 
of  affected  families  on  any  one  route  was  five,  and  in  these  the  cases 
did  not  occur  simultaneously.  Two  apparently  sporadic  cases  may, 
however,  have  been  due  to  this  cause.  Case  Number  30  was  a  milkman 
supplying  from  twenty  to  thirty  families  in  a  district  quite  outside  the 
region  where  the  main  epidemic  was  localized.  He  cared  for  the  entire 
business  in  person,  as  well  as  for  the  delivery  of  the  product.  On  Sep- 
tember 15,  he  took  to  his  bed  with  typhoid  fever ;  every  precaution  was 
at  once  taken  for  the  future,  and  the  milk  business  was  put  in  charge 
of  another  person  not  connected  with  the  household.  On  October  2 
and  6,  however,  two  of  the  customers  on  this  route  fell  ill,  the  disease 
in  one  instance  terminating  fatally.  It  is  possible  that  these  two  cases 
may  form  a  miniature  milk  epidemic  such  as  might  often  occur  without 
attracting  attention. 

A  large  proportion  of  the  typhoid  patients  had  purchased  ice-cream 
from  a  shop  kept  by  a  dealer  on  Bridge  Street,  and  I  was  inclined  at 
first  to  consider  this  fact  significant.  It  proved,  however,  that  this  was 
the  popular  source  of  supply  for  the  entire  neighborhood,  the  healthy  as 
well  as  the  sick.  Of  the  thirty-one  cases  among  the  customers  of  this 
shop,  between  September  i  and  November  15,  eighteen  were  also  users 
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of  the  Jones  Well  water,  and  the  thirteen  remaining  were  so  widely 
scattered  in  time  as  to  rule  out  the  possibility  of  a  common  source  of 
infection.  Furthermore,  an  investigation  of  the  shop  in  question,  and 
of  the  origin  of  its  x'arious  supplies  failed  to  reveal  any  apparent  oppor- 
tunity for  contamination.  * 

A  majority  of  the  households  stricken  by  the  epidemic  did  not  use 
ice.  Those  who  did  so,  obtained  it  from  one  of  two  companies,  both  of 
which  have  delivered  during  the  summer  a  mixed  supply  of  artificial  ice 
and  natural  ice,  supplied  by  the  Boston  Ice  Company.  The  cases  among 
the  ice  users  did  not  occur  in  greater  number  at  any  special  period  so  as 
to  warrant  any  suspicion  of  this  supply  as  a  cause  of  the  epidemic  ;  and 
hundreds  of  persons  in  other  districts  of  the  city  used  ice  from  the 
same  sources  without  ill  effects. 

Finally,  there  was  no  common  source  of  supply  for  green  vegetables 
among  the  typhoid  patients,  and  only  a  very  few  of  them  had  been  in 
the  habit  of  eating  raw  shell  fish. 

VI.     Influence  of  Sanitary  Conditions. 

No  common  cause  was  then  found  for  the  residuum  of  cases  not 
connected  with  the  Bridge  Street  well.  This  is  exactly  what  one  would 
expect  after  an  examination  of  Figure  3  ;  for  if  the  Jones  Well  cases 
are  eliminated,  it  appears  that  the  fever  did  not  strike  a  sudden  blow  at 
a  definite  time,  but  has  exercised  a  more  or  less  constant  pressure  since 
early  in  August.  Not  a  week  between  August  20  and  December  17 
passed  without  at  least  two  cases  outside  of  the  well  users,  and  in  only 
two  weeks  did  the  number  of  such  cases  exceed  five.  The  well,  if  my 
conclusions  are  correct,  caused  an  epidemic  in  the  last  part  of  Septem- 
ber and  the  beginning  of  October ;  the  other  cases  formed  not  a  sharp 
epidemic  outbreak,  but  rather  such  a  slow  succession  of  isolated  cases 
as  the  older  sanitarians  termed  "  endemic."  This  term  has  been  so  mis- 
used,  so  associated  with  the  idea  of  some  mysterious  miasm  inherent  in 
a  geographical  region,  that  it  has  fallen  into  deserved  disrepute.  It  is, 
however,  vital  for  the  epidemiologist  to  distinguish  this  process  clearly 
from  the  infection  which  reaches  a  number  of  persons  at  once  through 
a  single  medium,  such  as  water  or  milk.  I  have  ventured  to  coin  the 
term  prosodemicy  "through,  or  among,  the  people,"  for  this  form  of 
disease  which  progresses  gradually  from  person  to  person  by  routes 
which,  whether  direct  or  indirect,  are  different  for  each  individual  case. 
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The  term  "  epidemic  "  I  should  restrict  to  that  special  case  in  which 
circumstances  permit  the  transfer  of  infection  to  a  large  number  of 
persons  through  the  same  medium,  and  at  approximately  the  same 
time. 

The  methods  by  which  prosodemic  typhoid  may  spread  are  almost 
infinite.  The  last  link  in  the  chain  is,  in  most  cases,  some  sort  of  food 
or  drink ;  and  the  food  becomes  directly  infected,  in  many  instances, 
from  the  hands  of  the  typhoid  patient  or  of  his  unprofessional  attend- 
ants. The  transmission  of  typhoid  fever  on  a  large  scale  by  water  and 
milk,  has  led  sanitarians  to  minimize  unduly  the  direct  personal  element 
in  its  etiology ;  but  the  fact  that  two  trained  nurses  were  stricken  down 
during  the  year  in  Newport,  recalls  the  possible  importance  of  this  fac- 
tor. Another  mode  of  conveying  disease,  to  which  we  have  learned  to 
attribute  an  increased  significance  within  the  last  few  years,  is  the  car- 
riage of  infected  matter  by  insects ;  and  there  can  be  no  doubt  that 
many  mysteriously  sporadic  cases  of  typhoid  fever  are  conditioned  by 
the  passage  of  a  fly  from  an  infected  vault  to  an  unprotected  table  or 
an  exposed  larder.  At  the  other  end  of  the  chain,  however,  there  is  in 
almost  every  case  of  prosodemic  infection  some  disregard  of  sanitary 
cleanliness.  Hands,  insects,  and  food  can  only  become  contaminated 
when  infective  material  has  not  been  properly  removed  and  cared  for. 
An  epidemic  affecting  a  great  number  of  persons  through  water,  milk, 
or  oysters,  may  be  due  to  a  single  act  of  carelessness  or  ignorance.  It 
is  only,  however,  among  a  dirty  population  in  unsanitary  dwellings 
that  typhoid  fever  becomes  actively  contagious.  It  is,  therefore,  in- 
structive to  note  that  of  the  premises  upon  which  typhoid  developed 
in  Newport,  I  inspected  eighty-one,  and  found  that  forty-two  were  pro- 
vided with  privy  vaults,  and  only  thirty-nine  connected  with  the  sewer ; 
and  of  the  former,  twenty-one  at  least  were  in  a  foul  and  dangerous 
condition. 

As  has  been  said,  the  infection  by  means  of  filth  and  fingers,  of  flies 
and  food,  proceeds  by  a  different  path  and  at  a  different  time  in  each 
case,  and  is  generally  impossible  to  trace  in  detail.  In  certain  instances, 
however,  the  probable  course  of  contagion  from  person  to  person  is 
clearly  indicated ;  a  few  such  chains  of  evidence  I  have  collected  in  the 
Newport  outbreak,  of  which  the  following  selected  examples  are  per- 
haps the  best. 

I.  Case  Number  76,  a  teamster,  exposed  in  his  work  to  many  oppor- 
tunities of  infection,  developed  the  disease  at  his  home  on  Harrington 
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Street,  October  10.  On  October  23,  or  after  the  lapse  of  two  weeks, 
the  average  period  of  incubation  for  typhoid  fever,  case  Number  95,  a 
fellow  teamster,  boarding  at  the  same  house  fell  ill.  On  December  6, 
a  third  case,  Number   119,  was  reported  from  the  same  house. 

2.  On  August  12,  case  Number  14  developed  in  a  house  on  Thames 
Street,  the  patient  being  a  little  girl  who  had"  come  from  New  York 
State  two  weeks  previously,  probably  bringing  the  infection  with  her. 
On  August  28,  her  nurse,  case  Number  18,  was  taken  sick;  and  on 
September  1 7,  her  grandmother,  living  in  the  same  house,  fell  ill  in  turn 
with  the  disease. 

3.  Case  Number  80,  a  domestic  employed  on  Powell  Avenue,  left 
that  place  September  25,  to  nurse  a  cousin  who  was  suffering  from 
"  diarrhoeal  trouble,"  on  Bridge  Street,  opposite  the  Jones  Well  and  in 

* 

the  thick  of  the  epidemic.  On  October  9,  she  returned  to  Powell  Ave- 
nue, and  on  October  12  she  took  to  her  bed  with  typhoid  fever.  She  is 
said  not  to  have  drunk  the  well  water  while  in  Bridge  Street. 

4.  Case  Number  84  was  a  boy  of  thirteen,  living  in  Spruce  Court, 
who  sold  papers  in  the  Bridge  Street  district,  and  probably  contracted 
his  disease  from  the  well  water.  He  fell  ill  on  October  14.  His  mother 
worked  for  a  family  across  the  way,  and  went  over,  to  assist  in  the  pre- 
paration of  the  food,  from  the  bedside  of  the  invalid.  On  October  31, 
case  Number  99,  a  young  woman  in  the  house  where  the  mother  worked, 
fell  ill  with  the  fever. 

5.  On  October  9,  case  Number  75,  a  girl  in  a  family  on  Long 
Wharf,  developed  the  disease,  probably  derived  from  the  Bridge  Street 
well.  On  November  14,  her  sister,  on  November  16,  her  mother,  on 
November  21,  her  brother,  and  on  November  24,  another  inmate  fell 
ill,  although  by  this  time  the  well  had  long  been  closed  and  the  general 
epidemic  had  subsided.  The  premises  in  this,  as  in  most  of  the  other 
instances  where  return  cases  occurred,  were  dirty  and  ill-kept. 

6.  On  the  15th  and  19th  of  October,  two  cases  occurred  among 
the  customers  of  a  steam  laundry  on  Mill  Street.  On  the  9th  of  No- 
vember, case  Number  104  developed,  the  patient  being  a  young  man 
engaged  in  that  laundry  in  the  process  of  sorting  the  clothes. 

7.  Case  Number  21  was  a  young  lady  living  in  Thames  Street  very 
near  Bridge  Street  and  the  infected  district,  who  was  taken  sick  Septem- 
ber I,  the  source  of  infection  not  being  apparent.  Her  niece,  a  little 
girl  of  seven,  who  lived  in  Channing  Court,  in  another  quarter  of  the 
city,  but  spent  much  time  with  her  aunt  in  Thames  Street,  developed 
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the  disease  at  the  same  time,  and  was  sent  home  to  Channing  Court, 
where  her  brother,  ten  years  old,  case  Number  53,  fell  ill  on  September 
29,  and  her  sister,  aged  three,  case  Number  82,  followed  on  October  13. 

VII.  .  Lesson  of  the  Outbreak. 

After  the  closing  of  the  Bridge  Street  well,  the  typhoid  outbreak 
did  not  again  become  severe,  and  with  the  onset  of  cold  weather  there 
was  a  gradual  decrease  in  the  number  of  cases  due  to  contagion,  until 
in  the  last  two  weeks  of  December,  there  were  only  two  cases  reported, 
and  in  January,  1901,  there  was  only  one  case.  With  rising  tempera- 
ture, however,  the  typhoid  rate  has  also  began  to  rise,  as  is  its  wont. 
In  February  there  were  three  cases,  and  in  March,  four ;  a  small  num- 
ber, but  large  enough  to  be  menacing,  in  view  of  the  fact  that  there 
were  only  three  cases  in  these  two  months  last  year. 

The  way  in  which  the  typhoid  germ  survives  the  winter  and  begins 
the  steady  increase  which  culminates  in  an  October  maximum,  is  well 
shown  in  the  Newport  records.  This  bacterium  does  not  ordinarily  live 
very  long,  at  least  in  large  numbers,  outside  the  human  body,  under 
the  damaging  effects  of  cold,  light,  dryness,  poor  food,  etc. :  but  in  heaps 
of  excrement  there  is  reason  to  believe  that  it  may  survive  for  many 
months.  From  germs  preserved  in  this  way  it  seems  likely  that  the 
1900  outbreak  started.  Cozzens  Court  is  a  short  street  parallel  to 
Bridge  Street,  inhabited  mostly  by  negroes,  and  its  vaults  and  the 
whole  surroundings  were  in  an  exceedingly  filthy  condition.  There 
were  four  cases  of  typhoid  fever  in  this  court  in  1899,  the  first  on 
August  II,  the  second  and  third  at  Number  7  on  August  26  and  Sep- 
tember 26,  and  the  fourth  at  Number  2  on  October  27.  The  first  case 
to  occur  in  the  Bridge  Street  neighborhood  in  1900  appeared  with  no 
apparent  outside  source  of  infection  at  Number  7  Cozzens  Court  on 
July  12  ;  the  second  at  Number  2  Cozzens  Court  on  July  27.  Of  the 
two  cases  to  which  I  attribute  the  contamination  of  the  Jones  Well, 
the  first  was  at  1 1  Bridge  Street,  a  stone's  throw  from  the  cases  men- 
tioned, and  the  second  was  again  at  Number  2  Cozzens  Court.  The 
same  thing  has  apparently  happened  during  the  winter  just  past. 
It  can  hardly  be  a  coincidence,  that  of  the  four  cases  reported  in 
March,  1901,  two  are  from  a  house  on  Thames  Street  provided  with 
a  privy  vault  in  which  there  was  a  case  of  typhoid  fever  in  October, 
1900. 
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To  prevent  the  preservation  of  typhoid  germs  through  the  winter, 
and  the  so\ving  of  them  broadcast  during  the  summer,  there  are  two 
remedies  —  their  destruction  or  the  removal  of  the  vehicles  by  which 
they  are  spread.  First,  then,  disinfection  suggests  itself  as  an  avail- 
able weapon ;  and  I  submitted  to  the  New|X)rt  authorities  a  complete 
schedule  for  the  treatment  of  excreta,  of  clothing  and  bedding,  and  of 
infected  walls,  floors,  and  woodwork.  Much  good  work  was  done  in  this 
direction.  Most  of  our  processes  of  disinfection  are,  however,  incom- 
plete, and  even  if  every  typhoid  bacillus  present  at  a  given  time  could 
be  exterminated,  the  filth  which  furnishes  means  for  keeping  alive  and 
distributing  imported  germs  would  remain  a  constant  menace.  The 
one  vital  fundamental  remedy  is  sanitation  —  "the  closing  of  shallow 
wells,  the  cleaning  of  the  streets  and  yards,  and  in  particular  the 
removal  of  the  vaults  which  may  preserve  typhoid  germs  in  active  con- 
dition for  long  periods,  which  pollute  the  ground  and  ground-water  in 
their  neighborhood,  which  foster  habits  of  personal  uncleanliness,  and 
favor  the  transmission  of  disease  both  by  contagion  and  by  the  agency 
of  flies  and  other  insects. 

It  is  because  it  calls  attention  to  the  sewell-known  but  often  forgot- 
ten dangers  that  the  Newport  outbreak  is  of  interest.  Newport  is 
no  worse  than  many  American  cities.  We  have  been  right  in  con- 
sidering water  as  the  most  important  vehicle  of  typhoid  fever.  That 
lesson  has  now  been  learned,  and  most  of  our  cities'  put  sufficient 
value  on  human  life  to  protect  their  sources  of  drinking  water.  The 
next  most  important  vehicle  of  typhoid  fever,  in  my  opinion,  is  filth, 
and  to  this  our  attention  should  be  increasingly  turned.  The  sewer-gas 
fetich  of  the  British  sanitarian  has  led  him  into  some  absurd  excesses ; 
but  it  has  worked  most  effectively  for  civic  cleanliness.  Few  English, 
and  fewer  German  communities  would  endure  the  typhoid  death  rates 
which  weigh  year  after  year  upon  the  best  American  cities.  What  is 
the  reason  for  our  excess  ;  is  it  infected  water,  milk,  and  shell-fish,  or 
merely  filth  ^  It  is  incumbent  upon  us  to  find  out.  For  the  typhoid 
death  rate  is  the  reciprocal  index  of  civilization. 
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THE   TRIPOLITE  DEPOSIT  OF  FITZGERALD  LAKE, 
NEAR    ST  JOHN,   NEW  BRUNSWICK, 

By  W.  O.  CROSBY. 

Among  the  numerous  deposits  of  tripolite  in  the  fresh-water  lakes 
and  swamps  of  the  Maritime  Provinces,  some  of  which  are,  no  doubt, 
destined  to  prove  of  considerable  economic  importance,  it  would  prob- 
ably be  difficult  to  find  a  deposit  of  considerable  magnitude  which  is,  on 
the  whole,  of  more  special  interest  to  the  student  of  geology  than  that 
of  Fitzgerald  Lake.  In  some  respects  this  deposit  is  unique,  and  it  is 
particularly  so  in  the  simplicity  of  its  history,  which  permits  us  to  regard 
it  as  a  type  of  which  many  other  deposits  are  more  or  less  widely  diver- 
gent variations.  The  essential  conditions  of  the  accumulation  of  a 
notable  deposit  of  organic  silica  in  a  state  of  approximate  purity  are 
exhibited  in  Fitzgerald  Lake  so  free  from  complications  as  apparently 
to  justify  placing  on  record  the  results  of  a  study  made  several  years 
since,  although  the  explanation  which  the  facts  have  suggested  may  be 
wholly  lacking  in  originality. 

Fitzgerald  Lake  is  between  seven  and  eight  miles  northeast  of  St. 
John,  on  the  Loch  Lomond  road  and  on  the  headwaters  of  Little  River. 
It  has  an  elevation  of  290  feet  above  high  tide,  and  is  bordered  by  a 
wooded  plain  of  coarse  gravel  (modified  drift).  On  the  east  and  south 
sides  of  the  lake  the  land  rises  30  to  50  feet  to  form  a  winding  ridge 
(probably  an  esker)  which  encloses  Latimer  Lake,  the  chief  reserve  of 
the  St.  John  water  supply.  Latimer  Lake,  which  is  naturally  tributary 
to  Mispeck  River,  had  an  ele\^tion  of  302  feet  before  its  outlet  was 
dammed,  and  its  outflowing  waters  turned  through  a  low  cut  in  the 
ridge  down  through  Lake  Fitzgerald  into  Little  River.  On  the  north- 
west, the  plain  of  modified  drift  enclosing  the  basin  of  Lake  Fitzgerald 
falls  gently  away  toward  Little  River,  descending  70  feet  in  one-fourth 
to  one-half  mile.  Fitzgerald  Lake  is  reached  on  the  north  side  by  a 
short  branch  from  the  Loch  Lomond  road,  and  a  road  following  more 
closely  the  valley  of  Little  River  passes  within  a  short  distance  of  the 
south  side  of  the  lake. 

Fitzgerald  Lake  was  drained  several  years  ago  by  the  cutting  of  a 
shallow  trench  across  the  narrowest  part  of  the  bordering  plain,  and  is 
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now  a  grassy  meadow,  with  the  overflow  from  Latimer  Lake  passing 
through  one  corner  of  it  in  a  narrow  artificial  channel.  The  area  of 
the  lake  is  74  acres,  and  it  is  estimated  that  approximately  60  acres 
are  underlain  by  the  tripolite.  Its  outline  is  an  irregular  oval,  a  broad 
reentrant  curve  indenting  the  northwest  side ;  and  here  the  bottom  is 
of  a  rough  stony  character  for  a  breadth  of  100  to  200  feet,  the  depth 
having  been  insufficient  to  permit  the  formation  of  any  deposits.  Con- 
sidering its  area,  the  lake  was  very  shallow,  the  maximum  depth  having 
been  less  than  five  feet.  The  greater  part  of  the  lake  is  now  well 
grassed  over,  the  grass  forming  quite  a  strong  turf,  over  which  with 
due  care  it  is  possible  to  walk  without  breaking  through.  The  tripolite 
is  practically  the  surface  deposit ;  in  other  words,  it  is  not  covered  by 
clay  or  peat  or  anything  except  this  thin  turf,  and  considerable  patches 
of  the  tripolite  are  entirely  bare,  even  of  grass. 

With  suitable  lengths  of  one-half-inch  gas  pipe,  a  series  of  sound- 
ings was  made  across  the  lake  in  different  directions  to  test  the  depth 
and  quality  of  the  tripolite,  and  in  this  way  it  was  proved,  not  only  that 
the  deposit  has  a  considerable  depth,  but  that  the  tripolite  is  continuous 
from  the  surface  downwards ;  that  is,  it  is  not  interstratified  with  clay 
or  peat.  In  some  cases  the  pipe  struck  a  hard,  stony  bottom,  and  in 
others  penetrated  a  firm,  semi-hard  form  of  the  tripolite,  a  bottom  layer 
which  has  probably  no  great  thickness.  Above  this  layer,  which  proved 
on  examination  to  consist  largely  of  quartz  flour,  the  tripolite  is  uni- 
formly soft  and  slimy,  the  gas  pipe  passing  through  it  almost  of  its  own 
weight.  The  surface  of  the  bog,  or  lake  bottom,  is  very  quaking,  and 
but  for  the  density  (specific  gravity)  of  the  underlying  tripolite  jelly, 
walking  over  it  would  be  dangerous.  The  thickness  of  the  pure  or 
approximately  pure  tripolite  varies  from  a  foot  or  less  near  the  edge  of 
the  deposit  to  ten  or  twelve  feet  in  the  central  portion,  and  an  average 
depth  of  five  feet  seems  a  safe  estimate.  It  is  very  clear  that  the  de- 
posit is  all  tripolite  down  to  the  level  where  it  begins  to  change  grad- 
ually into  the  quartz  flour,  which  becomes  at  last  so  compact  and  firm 
that  the  gas  pipe  was  with  difficulty  forced  into  it,  and  the  quartz  flour 
shades  off  at  some  points  into  ordinary  fine  sand.  The  covering  of 
grass  grows  directly  on  the  tripolite,  and  it  is  evident  heretofore  that 
the  lake  has  always  been  flooded,  for  there  is  nowhere  any  appreciable 
amount  of  peat  over  the  tripolite.  This  lake  basin  must  have  been 
originally  a  large  and  comparatively  shallow  kettle-hole,  having  a  maxi- 
mum depth  of  twenty  or  possibly  twenty-five  feet  in  the  plain  of  modi- 
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fied  drift ;  and  it  is  now  filled  nearly  to  the  brim  with  this  slowly  formed, 
organic  deposit,  which,  in  its  present  super-saturated  condition,  is  like  a 
quaking  siliceous  jelly,  with  only  a  thin  cover  of  turf,  and  with  a  sub- 
stratum of  quartz  flour  from  one  to  ten  feet  in  thickness.  The  tripo- 
lite  is  naturally  of  a  gray  to  dark  brown  color,  due  to  the  presence  of 
organic  matter,  which  is  readily  burned  out ;  and  after  calcination  the 
material  is  nearly  white,  being  but  slightly  tinged  with  iron  oxide. 
An  analysis  of  a  calcined  sample  gave  the  following  result : 

Soluble  silica     ...         • 82     per  cent. 

Insoluble  silica  in  the  form  of  impalpable  quartz  flour     .         .         17.5  per  cent. 
Clay,  iron  oxide,  etc. traces. 

99.5  per  cent. 

In  searching  for  the  explanation  of  this  deposit  it  is  important  to 
note :  that  the  catchment  area,  or  watershed,  of  this  basin  (kettle-hole) 
is  very  limited ;  that  there  were  naturally,  or  before  the  diversion  of 
Lake  Latimer,  no  tributary  streams  ;  that  the  surface  is  of  such  charac- 
ter (chiefly  coarse  gravel)  as  to  afford  little  or  no  rain  wash,  especially 
as  it  is,  and  probably  always  has  been,  covered  with  forest  and  a  thick 
layer  of  vegetable  mould ;  and  that  the  conditions  are  very  unfavorable 
for  the  introduction  of  wind-borne  dust.  Mechanical  silt  has  thus  been 
almost  wholly  excluded,  and  a  continuous  cover  of  water  has  prevented 
the  formation  of  peat. 

Water  percolating  through  the  layer  of  vegetable  mould  over  the 
surrounding  surface  has  penetrated  the  underlying  gravel,  where  the 
carbonic  and  organic  acids  with  which  the  water  is  now  charged,  have 
slowly  decomposed  the  silicate  minerals  (feldspar,  hornblende,  etc.)  of 
the  numerous  pebbles  of  granite,  felsite,  diorite,  etc.,  forming  carbon- 
ates of  the  alkalies  and  alkaline  earths  and  liberating  an  equivalent 
amount  of  silica,  which,  being  soluble  in  water  holding  alkaline  carbon- 
ates, is  carried  in  solution  into  the  lake,  where  it  is  appropriated  by  the 
diatoms  with  which  the  waters  swarm. 

An  alternative  hypothesis  is  based  primarily  on  the  well  estab- 
lished fact  that  several  of  the  humus  apids,  and  notably  azohumic  acid, 
are  efficient  solvents  of  silica,  which  will  be  precipitated  when  these 
acids  are  converted  by  oxidation  to  carbonic  acid,  by  the  oxygen 
exhaled  by  diatoms,  as  by  all  other  forms  of  vegetable  life.  This 
explanation  would  enable  us  to  derive  silica  directly  from  quartz,  and 
not  exclusively  from  the  silicates. 
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The  process  is  probably  essentially  chemical  at  every  step,  although 
the  precise  nature  of  the  reaction  of  the  organism  upon  its  medium, 
determining  the  deposition  of  silica  in  or  upon  its  body,  is  still  undeter- 
mined. This  slow  process  of  the  leaching  of  silica  from  the  surround- 
ing gravel  through  the  agency  of  decaying  organic  matter,  and  its 
precipitation  by  the  diatoms  in  the  forms  of  their  exquisitely  fashioned 
frustules  has  been  uninterrupted  for  thousands  of  years ;  until  the 
resulting  deposit  of  tripolite  completely  fills  the  basin  of  the  lakelet. 
Meanwhile,  but  little  sand  and  clay  have  been  washed  from  the  shores 
of  the  lake  by  its  feeble  waves,  and  the  surrounding  forest  has  pro- 
tected the  lake  from  wind-blown  dust ;  but  the  deposit  of  nearly  pure 
tripolite  is,  under  existing  conditions,  being  overspread  by  a  layer  of 
peat.  The  uncompacted  and  quaking  consistency  of  the  tripolite  has 
probably  tended  to  keep  it  pure  by  permitting  such  mechanical  detritus 
as  did  find  its  way  into  the  lake  to  settle  to  the  bottom,  and  thus,  prob- 
ably, the  substratum  of  quartz  flour  blending  upwards  with  the  tripolite 
has  been  chiefly  formed.  A  further  condition  essential  to  the  for- 
mation of  tripolite  and  realized  here,  is  the  absence  of  an  outflowing 
stream.  Like  so  many  of  our  kettle  ponds  and  lakes,  this  is  a  closed 
basin  from  which  the  water  escapes  only  by  seepage  and  evaporation. 
The  silica  leached  from  the  surrounding  gravel  and  the  organisms 
essential  to  its  precipitation  in  the  solid  form  are  thus  retained  in  the 
basin ;  and  the  cycle  of  chemico-organic  erosion  and  deposition  is  com- 
pleted in  a  limited  area ;  for  through  the  combined  agency  of  decaying 
organic  matter  on  the  land,  and  living  organisms  in  the  enclosed  and 
stagnant,  but  limpid,  water  is  effected  a  gradual  transfer  of  silica  from 
the  hard,  insoluble  silicates  of  the  gravel  and  its  deposition  in  a  pure 
but  hydrated  and  opaline  form  in  the  bowl-like  depression  left  by  the 
melting  of  a  buried  remnant  of  the  great  ice-sheet. 
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ON  THE  APPLICATION  OF  BACTERIOLOGY  TO  CER^ 

TAIN  ARTS  AND  INDUSTRIES} 

By  SAMUEL  C.  PRESCOTT,  S.  B. 

During  the  last  four  decades  of  the  Nineteenth  Century  the  advance 
of  scientific  knowledge  brought  to  light  many  new  and  interesting  dis- 
coveries, not  the  least  important  of  which  were  in  the  domain  of  biology. 
Of  greatest  value,  perhaps,  was  the  work  upon  the  micro-organisms,  and 
especially  upon  that  class  of  micro-organisms  known  as  bacteria,  and 
which  led  to  the  establishment  of  the  germ  theory  of  disease,  which 
has  practically  revolutionized  the  art  of  medicine,  and  has  been  the 
creator  of  the  science  of  sanitary  engineering. 

It  would  be  impossible  to  overestimate  the  value  of  the  discoveries 
made  in  this  field,  and  it  is  not  surprising  to  find  that  interest  in  the 
bacteria  has  in  years  past  centred  largely  in  their  sanitary  and  patho- 
logical relations,  although  it  has  long  since  been  shown  that  the  disease- 
producing  species  constitute  but  a  small  proportion  of  the  bacteria  now 
known. 

It  is  of  interest,  however,  to  bear  in  mind  that  the  discoveries  which 
proved  of  most  value  in  establishing  the  germ  theory  of  disease  were 
made  along  lines  affecting,  not  the  health  of  any  people,  but  its  eco- 
nomic and  industrial  relations.  The  work  of  Pasteur  on  undesirable 
fermentations  of  wine  and  beer,  and  his  later  work  upon  the  silk-worm 
disease,  which  seemed  likely  to  bring  utter  ruin  to  the  silk  industries  of 
France,  demonstrated  in  a  most  efficient  manner  that  certain  specific 
organisms  endowed  with  definite  morphological  and  physiological  char- 
acters gave  rise  to  specific  and  characteristic  troubles  or  diseases,  and 
led  to  the  theory  that  each  disease  and  each  fermentation  has  its  specific 
exciting  organism.  The  triumphs  which  have  resulted  in  preventive 
medicine  have  amply  proved  the  significance  of  this  discovery  to  human- 
ity, and  proclaim  it  perhaps  the  greatest  achievement  of  the  century. 

It  is  not  only  on  the  pathological  and  sanitary  sides  of  the  subject, 
however,  that  bacteriology  has  made  its  advance.     The  technical  side 
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has  not  been  overlooked,  but  on  the  contrary  has  made  gigantic  strides, 
leading  to  the  establishment  of  experiment  stations  and  laboratories  for 
the  investigation  of  fermentation  problems,  and  for  the  development  of 
those  branches  of  industry  wherein  micro-organisms  play  an  important 
part.  To  the  manufacturer,  chemist,  or  technical  man  this  new  subject 
of  industrial  bacteriology  appeals  even  more  strongly  than  does  the  path- 
ological side  of  the  subject,  and  that  popular  interest  in  it  is  less,  is 
largely  because  of  its  recent  growth,  and  because  the  facts  underlying 
this  fascinating  branch  of  applied  science  have  not  been  sufficiently 
elucidated. 

I  desire,  therefore,  to  consider  certain  phases  of  the  subject  of  indus- 
trial  bacteriology,  and  to  show,  if  possible,  how  a  knowledge  of  micro- 
organisms may  be  applied  to  productive  or  manufacturing  processes. 
This  can  best  be  done  by  describing  the  predominant  r61es  —  both 
useful  and  antagonistic  —  which  are  played  by  some  of  the  micro-organ- 
isms ;  useful,  when  we  employ  certain  species  to  bring  about  desired 
chemical  changes ;  antagonistic,  when  the  growth  of  the  organisms,  if 
unchecked,  would  give  rise  to  harmful  or  undesirable  ■  substances  and 
thus  result  in  commercial  loss.  Thus  we  may  consider  here  the  part 
acted  by  micro-organisms  in  the  manufacture  of  vinegar  and  lactic  acid, 
in  baking,  brewing,  and  wine  making,  in  the  preparation  of  skins  for 
tanning,  in  the  dairy  and  sugar  industries,  and  in  certain  agricultural 
processes,  and  so  on  through  a  long  list  of  reactions  formerly  believed 
to  be  purely  chemical  in  character,  but  now  recognized  as  being  inti- 
mately bound  up  with  the  vital  processes  of  living  organisms. 

To  all  these  manifold  transpositions  of  organic  substances  thus  pro- 
duced we  give  the  term  fermentation,  so  that  our  science  of  Industrial 
Biology  is  in  reality  a  science  of  fermentation,  using  this  term  in  its 
widest  sense,  for  this  word  has  broadened  in  meaning  as  the  knowledge 
of  such  processes  has  increased,  and  has  far  outgrown  its  original  signifi- 
cance. We  no  longer  think  of  fermentation  as  merely  the  transforma- 
tion of  sugar  to  alcohol  and  carbon  dioxide,  but  as  a  term  embracing  a 
multitude  of  chemical  reactions,  all  being  alike  in  the  one  respect,  how- 
ever, that  the  ultimate  cause  is  a  living  cell.  Before  considering  the 
specific  fermentations  in  detail,  some  further  general  statements  as  to 
cause  and  manner  of  action  may  be  of  interest. 

Let  us  first  consider  the  organisms  themselves  which  may  be  utilized 
to  bring  about  these  fermentations.  The  industrial  bacteriologist  deals 
not  only  with  bacteria,  but  also  with  certain  other  colorless  plants  or 
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fungi,  for  many  moulds  and  yeasts,  as  well  as  bacteria,  are  of  technical 
interest. 

Leaving  the  systematic  botanical  position  out  of  account  for  the 
moment,  the  above  mentioned  organisms  possess  certain  characteristics 
in  common.  The  most  striking  is,  of  course,  the  ability  to  produce  fer- 
mentative changes  of  chemical  and  industrial  significance.  Not  less 
important  from  the  point  of  view  of  the  fermentation  chemist  and  physi- 
ologist is  the  fact  that  all  these  organisms  may  be  made  to  grow  in  pure 
cultures  in  or  upon  specially  prepared  nutrient  media,  and  hence  their 
activity  and  power  to  induce  fermentative  changes  may  be  studied  with 
a  considerable  degree  of  certainty.  As  the  methods  employed  for  this 
purpose  are  modifications  of  those  originally  designed  for  the  study  of 
the  bacteria,  or  bacteriological  methods,  it  is  convenient  to  class  all  the 
organisms  which  may  be  so  studied  as  "  bacterial  organisms,"  as  has 
been  recently  suggested  by  Professor  Sedgwick,^  when  speaking  in  gen- 
eral terms,  although  more  specifically  one  would  refer  to  the  generic 
name,  or  at  least  to  the  class  name. 

Briefly  stated,  the  three  classes  may  be  characterized  as  follows  : 

The  moulds  are  colorless  branching  organisms,  increasing  vegeta- 
tively  by  means  of  apical  growth,  and  normally  reproducing  by  the  for- 
mation of  spores,  either  in  a  special  closed  body,  or  sporangium,  or  in 
rows  like  strings  of  beads  with  no  retaining  covering.  They  occur 
abundantly  on  dead  organic  matter  of  suitable  composition,  es^Decially 
carbohydrate  ;  grow  with  great  rapidity,  producing  a  -mycelium,  or  mass 
of  growth  easily  visible  to  the  naked  eye ;  and,  except  under  special  con- 
ditions, give  rise  to  only  very  small  amounts  of  fermentation  products. 
Grown  submerged  in  sugar  solutions,  without  access  of  air,  they  give 
rise  to  a  vigorous  alcoholic  fermentation.     They  prefer  an  acid  medium. 

Of  greater  importance  are  certain  of  the  yeasts,  as  employed  in 
bread-making,  brewing,  and  wine-making.  These  are  small  oval  or 
rounded  organisms  which  increase  in  numbers  rapidly  under  favorable 
conditions  by  a  process  of  budding,  that  is,  a  cell  produces  at  one  end 
a  little  outgrowth,  or  knob,  which  develops  to  nearly  the  size  of  the 
parent  cell,  and  then  becomes  independent  by  the  formation  of  a 
dividing  wall,  although  it  may  still  remain  attached  to  the  older  cell. 
The  yeasts  are  especially  active  as  producers  of  alcohol  and  carbon 
dioxide,  and  upon  this  activity  their  industrial  value  depends.     In  size 

*  W.  T.  Sedgwick,  "On  the  Origin  and  Scope  of  Bacteriology."     Presidenrial  Address 
before  Society  of  American  IJacteriologists.     Science,  January,  1901. 
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they  are  intermediate  between  moulds  and  bacteria,  the  smallest  known 
organisms. 

Although  smaller  and  presumably  simpler,  the  bacteria  have  much 
greater  diversity  of  fermenting  power,  yielding  a  large  variety  of  sub- 
stances. Their  general  appearance  is  rod  or  ball-shaped,  and  their  ordi- 
nary method  of  growth  is  by  simple  fission,  or  the  splitting  of  one 
organism  into  two.  Here,  too,  growth  is  extremely  rapid  when  condi- 
tions are  favorable.  Many  kinds  are  able  to  produce  extremely  resist- 
ant bodies  known  as  spores,  whose  function  is  apparently  to  perpetuate 
the  life  of  the  species  during  periods  when  the  environment  is  unsatis- 
factory for  the  normal  vegetative  development. 

Along  with  the  increase  in  our  knowledge  of  the  number  and  varie- 
ties of  fermentations  and  ferment  organisms  has  come  also  a  better  un- 
derstanding of  the  way  in  which  these  minute  cells  are  able  to  carry 
on  their  characteristic  actions.  It  has  been  possible,  by  careful  investi- 
gation, to  penetrate  into  the  living  laboratory,  and  to  find  out  in  an  im- 
perfect way  the  kinds  of  reagents  which  the  cell  uses  in  its  chemical 
work. 

It  has  for  a  long  time  been  known  that  certain  cells,  as  for  example 
those  of  sprouting  grain,  were  able  to  bring  about  the  change  of  starch 
into  maltose  and  glucose,  the  process  familiarly  known  as  malting.  It 
has  also  been  known  that  yeast  could  bring  about  a  similar  change  from 
cane  sugar  to  glucose,  and  that  the  latter  substance  was  then  "fer- 
mented "  or  split  into  alcohol  and  carbon  dioxide.  The  power  to  bring 
about  these  chemical  changes  was  found  to  be  due  to  certain  soluble 
substances  of  complex  nature  which,  could  be  isolated  from  solutions 
containing  them,  and  to  which  the  name  "  soluble  ferments  "  was  first 
given,  but  which  are  now  spoken  of  most  frequently  as  enzymes.  Simi- 
lar substances  were  known  to  be  produced  by  certain  cells  in  animal 
organisms,  as  for  example,  the  pepsin  of  the  gastric  juice  and  the  tryp- 
sin of  the  pancreatic  juice,  which  react  almost  exactly  as  plant  enzymes 
do.  From  time  to  time  new  enzymes  have  been  discovered,  until  at 
the  present  time  there  seems  .little  reason  to  doubt  that  fermentation 
as  we  know  and  can  study  it,  is  entirely  the  result  of  enzyme  action, 
although  it  must  ever  be  borne  in  mind  that  the  living  cell  is  the  ulti- 
mate cause  since  it  is  the  producer  of  the  enzyme.  These  enzymes, 
as  has  already  been  stated,  can  be  precipitated  or  otherwise  separated 
from  the  cells  producing  them,  and  in  the  isolated  condition  can  give 
rise  to  the   characteristic   action   which   determines   the   fermentation, 
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although  the  powers  of  the  enzyme  are  in  some  cases  weakened  by 
such  separation.  The  reason  for  this  is,  perhaps,  because  of  the  crude- 
ness  of  the  methods  of  preparation  to  which  we  have  had  recourse  up 
to  the  present  time.  In  fact,  we  have  no  way  of  determining  with  cer- 
tainty whether  the  enzyme  as  prepared  is  in  a  state  of  purity  or  not, 
and  the  chances  are  very  favorable  that  our  most  successful  attempts 
are  far  from  perfect.  Moreover,  we  know  that  these  substances  are 
extremely  sensitive  to  certain  chemical  compounds,  bases  and  acids,  and 
thus  will  act  only  under  somewhat  limited  conditions. 

All  enzyme  action  is  characterized  by  the  fact  that  a  small  amount 
of  the  active  agent  can  transform  a  comparatively  large  amount  of  the 
substance  acted  upon,  and  without  itself  becoming  used  up  or  destroyed. 
Thus  it  has  been  shown  that  in  the  conversion  of  cane  sugar  to  glucose 
a  given  weight  of  the  diastase  can  easily  transform  100,000  times  that 
weight  of  sugar,  and  with  no  apparent  loss  to  itself.  Sometimes  the 
same  chemical  change  can  be  brought  about  by  purely  chemical  means ; 
for  example,  the  conversion  of  cane  sugar  just  referred  to  can  be  pro- 
duced by  boiling  with  dilute  acids ;  or,  to  take  another  example,  albu- 
minoid substances,  which  are  generally  changed  to  peptones  by  the 
action  of  enzymes,  can  undergo  the  same  change,  to  some  extent  at 
least,  on  being  treated  with  steam  under  pressure.  Notwithstanding 
these  facts,  there  still  exists  a  great  difference  between  this  chemical 
'work  and  the  physiological  work  of  cells. 

In  order  to  favor  chemical  reaction  one  often  makes  use  in  the 
laboratory  of  very  violent  means,  perhaps  a  strong  acid  or  alkali,  high 
pressure  or  a  high  temperature.  To  produce,  for  example,  an  oxidation 
process  one  may  use  reagents  such  as  nitric  or  chromic  acid  or  potas- 
sium permanganate.  As  a  dehydrating  agent,  concentrated  sulphuric 
acid,  or  anhydrous  phosphoric  acid,  or  zinc  chloride  may  be  used.  When 
one  works  with  living  cells,  on  the  contrary,  the  reactions  take  place  in 
media  of  nearly  neutral  reaction,  and  the  temperature  is  always  moderate 
and  nearly  constant.  The  difference  between  these  two  methods  of 
action  is  most  striking.  In  the  living  cells  there  takes  place  the  reac- 
tion of  bodies  which,  according  to  our  generally  accepted  ideas,  have 
only  weak  affinities.  We  observe  at  the  same  time  that  substances 
which  we  ordinarily  regard  as  very  stable  are  decomposed  within  such 
cells  with  great  facility. 

Three  varieties  of  chemical  action  have  been  recognized  among  the 
enzymes  ;  first,  and  most  frequent,  a  hydration,  generally,  but  not  always, 
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followed  by  a  splitting  of  the  compound  into  simpler  substances  ;  second, 
oxidation ;  and  third,  molecular  decomposition  into  simpler  compounds 
without  hydration.  Having  thus  broadly  defined  the  fermentation  or- 
ganisms and  the  way  in  which  they  act,  let  us  now  consider  in  greater 
detail  some  of  the  processes  of  industrial  importance  in  which  these 
organisms  play  a  part. 

We  may  begin  with  the  alcoholic  fermentation,  since  this  is  the  one 
which  has  received  the  most  attention,  is  of  most  interest  historically, 
and  offers  a  large  field  for  the  microbiologist  in  dealing  with  the  many 
problems  presented.  Four  industrial  processes  may  be  here  considered : 
brewing,  wine-making,  fermentation  for  panification,  and  fermentation 
for  distillation.  In  all  these  certain  yeasts  are  depended  upon  to  give 
the  desire.d  result,  and  it  is  recognized  that  other  yeasts  or  other  kinds 
of  organisms  might  be  of  great  injury  in  giving  rise  to  by-products  of 
an  undesirable  nature.  Thus,  in  bakeries,  yeast  is  used  to  give  lightness 
and  a  certam  texture  and  flavor  to  the  bread.  The  mixture  of  flour  and 
other  ingredients  is  heavily  inoculated  with  yeast  and  put  at  a  moderate 
temperature  to  "  rise."  Diastatic  enzymes  in  the  flour  itself  bring  about 
the  inversion  of  some  of  the  starch  present,  and  the  yeast  soon  sets  up 
a  vigorous  alcoholic  fermentation,  the  bubbles  of  carbon  dioxide  formed 
becoming  enclosed  in  the  thick  dough,  and  thus  making  it  more  or  less 
spongy  or  porous  in  texture.  The  effect  of  temperature  here  is  very 
marked  ;  if  too  high  a  temperature  be  used  in  raising  the  bread,  sourness 
will  result,  caused  by  the  fermentation  of  the  sugar,  not  to  alcohol,  but  to 
lactic  acid,  by  bacteria  which  are  present  in  the  flour  or  as  an  impurity 
in  the  yeast.  So  long  as  the  temperature  is  kept  low  enough  these  act 
but  feebly,  partly  because  of  the  antagonistic  action  of  the  yeast,  and 
partly  because  of  the  fact  that  their  optimum  temperature  is  above  that 
of  the  yeast  organisms.  If,  however,  the  bacteria  are  present  in  great 
numbers,  they  may  begin  action  at  once  and  practically  outstrip  the 
yeast  in  action,  therefore  it  is  essential  to  use  a  yeast  culture  which  is 
vigorous  and  at  the  same  time  relatively  free  from  bacteria.  There  are, 
perhaps,  certain  bacteria  which  help  out  in  the  process  of  bread-making, 
and  some  authorities  claim  that  bacteria  are  necessary,  an  assertion 
which  cannot  be  accepted  at  present,  at  least  not  for  American  bread. 

The  essentials  of  a  good  bakery  yeast  are  activity  in  fermentation, 
and  large  carbon  dioxide  production,  and  it  must  not  impart  a  disagree- 
able taste  or  odor  to  the  bread ;  hence  great  care  should  be  employed  in 
selecting  a  bread  yeast.     The  ordinary  compressed  yeast  of  commerce 
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is,  in  general,  distillery  yeast  which  has  been  washed,  mixed  with  starch 
or  meal,  and  wrapj^ed  in  foil  to  keep  it  moist  and  to  prevent  the  invasion 
by  moulds  and  bacteria.  Brewing  and  wine-making,  to  be  successful, 
are  also  dependent  upon  good  yeast.  In  several  continental  European 
countries  the  fermentations  are  carried  on  in  some  places  by  use  of  pure 
cultures  of  species  of  yeast,  which  are  found  by  experiment  to  give  a 
satisfactory  product.  In  this  way  all  objectionable  organisms,  known  as 
"disease  organisms,"  are  avoided.  In  America,  however,  the  use  of 
pure  cultures  in  brewing  has  made  but  little  headway,  as  it  is  claimed 
that  by  general  cleanliness  and  care  better  results  can  be  obtained  than 
with  the  use  of  complicated  apparatus  such  as  is  necessary  in  using  the 
pure  cultures.  Moreover,  under  these  circumstances  the  yeast  remains 
fairly  pure  and  resists  action  of  foreign  germs  to  a  considerable  extent. 
In  England,  also,  pure  cultures  have  not  been  found  successful  for  ale 
fermentation.  Among  the  "diseases"  with  which  the  brewer  has  to 
contend  in  this  country  are  those  which  give  cloudiness  and  turbidity, 
and  brewers  often  claim  that  Americans  drink  with  their  eyes  rather 
than  their  mouths  —  meaning  that  appearance  counts  for  more  than 
taste.  The  present  tendency,  in  certain  localities  at  least,  is  to  get  a 
product  high  in  carbon  dioxide,  relatively  low  in  alcohol,  and  bright  and 
clear  in  appearance.  Hence  the  "culture"  yeast  employed  must  be 
selected  with  care,  and  the  disease-producing  organisms  eliminated  so  far 
as  possible  —  a  process  involving  a  certain  amount  of  technical  skill. 

In  wine-making  the  process  is  somewhat  different,  and  the  manufac- 
turers are  still  to  a  great  extent  the  victims  of  chance,  since  they  depend 
almost  entirely  upon  the  yeast  which  gets  into  the  grape  juice  "  sponta- 
neously." The  skins  of  the  grapes  are  covered  with  cells  of  various 
kinds,  among  them  the  species  of  yeast  which  are  of  most  use  in  carry- 
ing on  the  fermentation  of  the  juice.  Disease  organisms  have  much 
readier  access  here  than  in  brewing.  Brewing  and  wine-making  differ 
in  several  important  respects.  In  brewing  certain  grains  are  employed 
as  sources  of  sugary  material,  while  wine-making  deals  directly  with 
fruit  juices,  generally  grape  juice.  In  brewing  the  sugars  fermented 
are  maltose  and  dextrose,  and  perhaps  levulose  ;  in  wine-making,  princi- 
pally fructose  and  dextrose.  In  brewing  we  have  practically  the  steril- 
ization of  the  liquid  before  the  addition  of  the  yeast,  while  in  wine- 
making  this  is  not  the  case.  Finally,  the  yeast  itself  is  different  in  the 
two  cases. 

In  fermentation  for  distillation  yeasts  are  used  which  act  with  great 
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vigor  and  give  rise  to  large  amounts  of  alcohol  in  a  short  time.  Here 
it  is  not  always  necessary  to  be  so  careful  as  to  minor  details,  as  the 
main  object  sought  is  a  high  yield  of  alcohol.  Certain  conditions  may 
prevail,  however,  which  render  a  vigorous  fermentation  and  large  yield 
of  alcohol  impossible,  unless  care  is  taken.  Should  conditions  favor  the 
development  of  butyric  acid  bacteria,  which  are  likely  to  be  present  in 
the  mash  in  large  numbers,  trouble  may  result,  since  this  acid,  even 
in  very  small  amounts,  is  extremely  poisonous  for  yeasts  ;  hence  means 
must  be  used  to  prevent  its  formation.  This  is  done  by  the  introduc- 
tion into  the  mash  of  a  small  amount  of  lactic  acid,  which  is  poisonous 
for  the  butyric  organisms  and  beneficial  to  yeast  rather  than  harmful. 
Hence  if  lactic  acid  in  the  proper  amount  be  added  to  the  mash  before 
the  yeast  is  added,  the  vegetative  butyric  bacteria  and  their  spores  are 
prevented  from  doing  any  damage  and  the  alcoholic  fermentation  goes 
on  without  interruption.  Practically  the  same  result  may  be  brought 
about  by  the  action  of  ammonium  fluoride  or  bismuth  nitrate,  salts 
which  restrain  bacterial  action,  but  in  small  amounts  are  harmless  for 
yeast. 

Researches  carried  on  during  the  past  three  or  four  years  have 
shown  that  the  yeast  brings  about  the  splitting  of  sugar  to  alcohol  and 
carbon  dioxide  by  means  of  an  enzyme  known  as  zymase,  which  exists 
within  the  cells,  and  from  which  it  may  be  obtained  by  grinding  with 
fine  sand  and  then  subjecting  to  pressure.  The  resulting  substance  is 
an  opalescent  yellowish  liquid  which  will  bring  about  the  fermentation 
process  much  as  yeast  itself  will,  although  less  actively  in  some  respects. 
Investigations  as  to  the  real  nature  of  the  press  sap  are  now  being  pur- 
sued by  a  number  of  workers,  for  some  of  the  most  interesting  questions 
as  to  enzyme  action  and  fermentation  in  general  are  thereby  awaiting 
solution. 

One  should  not  leave  the  subject  of  alcoholic  fermentation  without 
a  brief  reference  to  certain  symbiotic  relationships  between  yeasts  and 
bacteria.  The  best  known  of  these  are  the  **  ginger-beer  plant  "  of  Eng- 
land and  the  "kephir"  of  the  Caucasus,  used  in  fermenting  the  drink 
koumiss,  the  substance  in  both  cases  being  mixtures  of  yeast  with 
one  or  more  species  of  bacteria  growing  together  in  the  form  of  lumps 
or  granules,  and  acting  simultaneously  when  put  in  suitable  media,  giv- 
ing rise  to  small  amounts  of  alcohol  and  lactic  acid. 

Closely  related  to  the  alcoholic  fermentation  is  the  acetic,  or  the 
oxidation  of   alcohol   to   acetic   acid  by  bacteria,  as  in  the  process  of 
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vinegar-making.  This  process  has  been  known  and  employed  for  a 
long  time,  but  still  it  is  only  comparatively  recently  that  accurate 
knowledge  has  been  obtained  as  to  the  organisms  involved,  and  even 
now  many  suppose  that  the  process  is  a  case  of  simple  chemical  oxida- 
tion Through  the  investigations  of  Hansen,  and  more  recently  of 
Lafar  and  Henneberg,  it  has  "been  shown  that  there  is  a  group  or  race 
of  bacteria  which  will  develop  most  rapidly  in  dilute  alcoholic  solu- 
tions, and  if  the  temperature  be  favorable,  will  oxidize  them  to  acetic  acid 
and  water,  with  sometimes  the  formation  of  an  intermediate  product, 
aldehyde. 

The  bacteria  which  bring  about  this  transfer  of  oxygen  from  the  air 
to  the  organic  substances  in  solution  present  many  interesting  features 
aside  from  their  remarkable  chemical  activity.  Although  seen  to  be  in 
the  form  of  short  rods  when  in  normal  condition,  soon  after  being  put 
into  a  weak  alcoholic  liquid,  as  cider  or  beer,  they  develop  rapidly  into 
thick  gelatinous  surface  layers,  which  are  true  zoogloea  masses.  These 
eventually  sink  to  the  bottom  of  the  containing  vessel,  forming  the 
"mother  of  vinegar."  With  changes  of  temperature  the  bacteria  un- 
dergo strange  changes  in  shape,  becoming  much  elongated  and  often 
swollen  so  that  they  present  no  similarity  whatever  to  the  original  form. 
Such  bacteria  are  widely  distributed  in  nature,  living  especially  in  the 
earth  under  fruit  trees  and  on  the  fruits  themselves ;  hence,  as  a  rule, 
they  are  constantly  present  in  fruit  juices,  as  in  sweet  cider.  The  dif- 
ferent species  show  some  variation  in  their  action,  some  being  of  far 
greater  value  in  \dnegar  production  than  others,  owing  to  the  formation 
of  pleasant-smelling  ethers  of  fruity  odor,  as  well  as  a  clear,  sharp 
\dnegar ;  while  others  produce  less  pleasing  results,  or  may  even 
oxidize  the  acetic  acid  completely  to  carbon  dioxide  and  water,  thus 
being  of  injury  rather  than  benefit  to  the  manufacturer.  Here,  then, 
is  the  problem  for  the  bacteriologist :  to  separate  the  good  from  the 
useless,  and  to  cultivate  them  in  the  pure  state,  if  experiment  shows 
that  the  best  results  are  to  be  obtained  in  that  way. 

In  the  various  lines  of  dairy  work  the  bacteria  play  a  most  important 
part.  Not  only  is  the  souring  of  milk  brought  about  by  microorgan- 
isms, but  certain  processes,  known  as  the  ripening  of  cream  and  the 
ripening  of  cheese,  are  due  to  their  action.  The  finest  butter  is  that 
made  from  cream  in  which  certain  bacteria  have  carried  on  fermenta- 
tions, giving  products  of  delicate  flavor  and  aroma,  and  such  bacteria 
are  now  to  be  obtained  as  articles  of   commerce   under   the  name  of 
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"  butter  culture."  These  butter  cultures  may  contain  a  single  species 
of  organism,  or  may  contain  a  flavor-producing  species  and  a  souring 
species,  for  experience  has  shown  that  if  lactic  acid  is  formed  at  the 
same  time  as  the  flavor-producing  substances,  the  quality  of  the  butter 
is  improved.  The  chief  advantages  to  be  derived  from  the  proper  use 
of  butter  cultures  are  three : 

1.  Certainty  of  good  product. 

2.  Uniformity  of  product. 

3.  Improvement  in  keeping  quality. 

The  use  of  the  butter  culture  is  practically  an  application  of  the 
principle  of  natural  selection,  for  the  germs  employed  are  those  which 
have  been  found  normally  occurring  in  milk  or  cream,  and  which  have 
been  shown  by  experimental  study  of  many  species  to  give  the  finest 
results. 

The  "  ripening  "  of  cheese  is  a  process  of  somewhat  more  compli- 
cated nature,  among  the  many  changes  taking  place  being  the  transfor- 
mation of  casein  to  peptone,  the  formation  of  amido-bodies,  and  the 
disappearance  of  the  milk  sugar.  Many  of  these  changes  we  believe 
to  be  due  to  the  action  of  bacteria  or  to  enzymes,  and'  the  special  flavor 
and  appearance  which  make  certain  cheeses  of  so  much  value  and  so 
much  sought  for  are  the  results  of  special  methods  of  ripening.  The 
bacterial  changes  during  the  process  of  ripening  are  enormous.  We 
may  have  the  number  of  bacteria  increasing  during  the  first  stages  from 
a  few  millions  per  gram  to  several  hundred  millions,  and  then  the  grad- 
ual falling  off  and  disappearance  of  certain  groups  as  the  conditions 
become  changed.  Yeasts  may  be  active  in  ripening  some  kinds  of 
cheese,  as  in  Swiss  cheese,  and  moulds  give  the  characteristic  flavor 
to  some,  as  in  Stilton  and  Roquefort. 

The  bacteria  are  not  all  friends  of  the  dairyman,  however.  Milk, 
cream,  butter,  and  cheese  have  their  "  diseases,"  that  is,  defects  which 
are  brought  about  by  various  microbes.  The  production  of  red  or  blue 
milk,  of  soapy  milk,  and  ropy  cream,  and  the  **  puffiness  "  and  discolor- 
ation of  certain  cheeses  are  all  results  of  germ  action,  and  it  requires 
the  careful  investigation  of  the  skilled  bacteriologist  to  learn  how  to 
prevent  their  occurrence,  and  to  carry  on  the  industry  with  the  least 
danger,  either  commercially,  or  from  the  sanitary  point  of  view. 

It  should  not  be  imagined  that  the  bacteria  which  can  bring  about 
the  formation  of  lactic  acid,  as  in  the  souring  of  milk,  are  all  of  detri- 
ment from  the  commercial  point  of  view.     On  the  contrary,  they  are 
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often  of  the  greatest  industrial  value.  Two  examples  of  their  use  only 
can  here  be  given.  Lactic  acid  itself  is  an  important  article  of  trade, 
as  it  has  a  wide  use  in  industrial  operations,  especially  in  dyeing  and  in 
distilling.  The  acid  can  be  manufactured  far  more  cheaply  by  fermen- 
tation than  by  any  purely  chemical  process  —  in  fact,  is  always  so  pro- 
duced. Some  of  the  lactic  bacteria  are  far  more  active  than  others,  and 
hence  a  knowledge  of  different  species  or  varieties  enables  the  manu- 
facturing chemist  to  produce  his  acid  with  the  least  waste  and,  conse- 
quently, the  least  expense.  The  lactic  acid  of  commerce  is  made  in 
general  from  corn  or  some  grain  rich  in  starch.  This  is  first  treated 
with  sulphuric  acid  to  bring  about  hydrolysis  and  then  fermented,  a 
large  excess  of  calcium  carbonate  being  added  at  the  same  time.  By 
carefully  controlling  the  temperature  a  very  rapid  change  is  induced 
through  the  activity  of  the  bacteria. 

The  lactic  fermentation  finds  another  important  application  in  the 
tanning  industry,  where  skins  of  calves,  sheep  and  goats  are  used  for 
making  fine  leather.  After  the  removal  of  the  hair,  the  skins  are  put 
in  tanks  containing  lime,  which  dissolves  out  certain  cement  substances 
and  swells  the  fibers  of  connective  tissue.  The  removal  of  the  lime  is 
necessary  before  the  fibers  \vill  absorb  tannin.  Accordingly  the  skins 
are  put  in  vats  containing  bran  mixed  with  water  and  warmed  to  about 
the  body  temperature.  A  lively  lactic  fermentation  ensues  which 
causes  the  formation  of  lactate  of  lime,  which  can  be  washed  out 
without  difficulty. 

Even  the  removal  of  the  hair  from  skins  is  often  accomplished  by 
bacterial  agencies.  A  putrefactive  decay  of  the  hair  sheaths  is  effected, 
and  the  wool  can  then  be  easily  pulled.  Of  the  bacteria  which  are  of 
use  here,  little  is  known,  except  that  they  are  very  active,  and  if  allowed 
to  act  for  too  long  a  time,  will  produce  irreparable  injury  to  the  skins. 
From  a  few  personal  observations  I  think  that  it  is  probably  true  also, 
that  the  liming  process  is  in  part  dependent  upon  bacterial  action,  but 
this  is  an  unexplored  field. 

The  bacteria  are  not  only  of  interest  in  dyeing  operations  through 
the  lactic  fermentation,  but  a  closer  application  is  found  in  the  prepar- 
ation of  indigo.  Experiment  has  shown  that  a  certain  bacterium  is  found 
on  the  leaves  of  the  plant,  and  to  its  activity  the  production  of  the  valu- 
able coloring  matter  is  ascribed.  If  the  leaves  are  sterilized,  no  forma- 
tion of  indigo  results. 

Nor  is  bacteriology  without  its  application  to  the  textile  industries. 
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In  the  separation  of  the  fibers  of  hemp,  flax,  and  jute,  bacteria  have 
long  been  employed  without  its  being  perceived  that  such  was  the  case. 
Flax  is  the  bast  fiber  of  the  flax  plant,  and  in  order  to  separate  it  for 
the  manufacture  of  linen,  it  is  necessary  to  dissolve  a  gummy  resinous 
substance  which  binds  all  fibers  together.  This  is  done  by  a  process 
known  as  retting.  The  stems  are  gathered  in  bundles  and  then  set  in 
tanks  or  rivers  or  ponds,  where  they  are  allowed  to  stay  from  ten  to 
fourteen  days.  What  actually  happens  is  that  certain  bacteria  present 
in  the  water  multiply  rapidly  and  bring  about  the  decomposition  of  the 
pectin  gum,  thus  allowing  the  easy  separation  of  the  fibers.  The  waters 
of  certain  streams  are  famous  for  their  excellence  in  this  way,  as  for 
example,  the  River  Lys  in  Belgium 

The  food  preserving  industries  may  be  mentioned  as  probably  the 
most  important  in  which  a  knowledge  of  how  to  combat  the  bacteria 
successfully  is  required.  The  enormous  development  of  the  canned 
goods  industry,  and  the  very  extensive  use  of  preserved  foods  of  other 
kinds  has  been  possible  only  because,  wittingly  or  not,  methods  have 
been  found  for  the  destruction  of  the  bacteria,  or  at  least  to  prevent 
their  action. 

It  is  common  knowledge  that,  unless  cooked,  meats  and  other  albu- 
minous bodies  undergo  putrefaction,  and  that  starchy  and  sugary  foods 
become  sour.  It  is  not  because  these  substances  are  exposed  to  the  air 
that  they  change,  but  because  they  are  invaded  by  microbes  of  various 
kinds,  and  consequently  are  fermented.  This  microbial  action  may  easily 
be  prevented  if  we  know  the  remedy  and  how  to  apply  it. 

The  methods  of  food  preservation  which  are  utilized  on  a  com- 
mercial scale  are  of  two  classes :  first,  antisepsis,  /.  ^.,  the  prevention 
of  processes  of  decay  but  not  necessarily  the  destruction  of  the  organ- 
isms producing  it,  as  in  cold  storage,  preservation  with  sugar,  pickling, 
drying,  and  pasteurizing.  The  second  method  is  sterilization,  in  which 
we  stop  all  destructive  processes  by  removing  the  cause*;  that  is,  we 
bring  about  the  death  of  the  organisms,  and  this  finds  large  application 
in  canning,  i.c.^  the  enclosure  in  hermetically  sealed  packages  and  then 
subsequent  sterilization  by  heat. 

The  knowledge  of  the  beha\dor  of  the  bacteria  becomes  a  very  im- 
portant matter  if  one  is  engaged  in  any  of  these  food  industries,  and 
lack  of  such  knowledge  has  cost  many  business  men  large  sums  of 
money  owing  to  fermentative  troubles.  Few  people  really  know  why 
sugar  is  a  preservative  in  one  case,  and  a  source  of  trouble  in  another. 
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or  why  cold  storage  and  drying  are  effective.  The  bacteriologist  work- 
ing with  his  culture  tubes  in  all  sorts  of  conditions  explains  this.  He 
finds  that  cold  is  not  as  fatal  to  germ-life  as  is  commonly  believed,  but 
that  with  low  temperatures  the  activity  of  micro-organisms  which  pro- 
duce decay  is  lessened,  or  may  be  suspended  entirely  without  destroying 
the  vitality  of  the  germs,  for  if  the  temperature  be  raised  again  the 
decomposition  will  begin  with  marked  energy.  In  a  similar  way  the 
conserving  action  of  sugar  is  proved  to  be  due  to  osmotic  changes 
brought  about  in  the  bacterial  cells,  by  which  the  extraction  of  water 
from  them  results,  and  they  are  consequently  rendered  inert. 

It  is  in  the  canning  industry,  however,  that  bacteriology  is  of  high- 
est importance.  Here  is  an  industry  in  which  more  than  3,000  firms 
are  engaged  in  the  United  States,  and  the  success  of  which  is  abso- 
lutely dependent  upon  the  destruction  of  bacteria.  Consider  that  in 
a  single  year  there  are  packed  8a- 100  millions  of  cans  of  corn,  and  an 
equal  number  of  peas,  125  millions  of  cans  of  sardines,  150  millions  of 
cans  of  tomatoes,  and  hundreds  of  other  foods,  meats,  fish,  fruit  and 
vegetables,  in  smaller  amounts,  and  some  idea  can  be  gained  of  the  im- 
portance of  this  industry.  If  all  the  cans  of  tomatoes  packed  in  the 
United  States  during  two  months  of  1899  were  placed  end  to  end,  it 
would  form  a  line  more  than  1 3,000  miles  long.  That  is  merely  one  of 
the  many  things  preserved  by  canning. 

As  I  have  already  hinted,  lack  of  definite  knowledge  as  to  how  ster- 
ilization should  be  effected,  has  been  the  source  of  great  financial  loss. 
This  source  of  loss  has  now  been  largely  prevented,  for  bacteriological 
investigation  revealed  the  cause,  and  pointed  out  the  remedy.  It  was 
found  that  in  the  corn  there  were  present  many  spore-forming  bacteria, 
which  could  withstand  boiling  for  hours,  and  required  heat  much  higher 
than  that  for  their  quick  destruction.  These  bacteria  attacked  the  sugar 
of  the  corn,  fermenting  it  to  lactic  acid,  and  in  many  cases  giving  rise  to 
much  gas  ;  enough  at  times  to  burst  open  the  cans. 

Several  species  of  these  bacteria  were  found,  some  of  them  of  great 
interest.  Two  or  three  species  were  traced  to  the  green  corn  as  it  came 
from  the  fields,  and  their  source  thus  discovered.  In  other  kinds  of 
spoiled  canned  goods,  other  species  of  bacteria  were  found,  and  in  every 
case  by  study  of  the  organisms  it  has  been  possible  to  provide  a  sure 
remedy  against  the  e\dl. 

The  bacteria  thus  of  so  great  commercial  detriment,  are  of  no  path- 
ogenic variety ;  they  are  of  greatest  interest  to  the  food  preserver,  and 
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in  justice  to  the  men  engaged  in  the  industry  it  should  be  said  that  most 
of  the  canned  foods  to  be  obtained  in  the  markets  are  prepared  with  the 
greatest  care,  and  are  free  from  bacteria,  making  them  of  prime  value 
as  food,  and  without  objection  from  a  sanitary  point  of  view.^ 

Closely  connected  with  the  food  preser\dng  industries  might  be  men- 
tioned the  process  bi  cane  sugar  refining.  Here,  too,  the  bacteria  are 
to  be  reckoned  with  as  factors  of  the  greatest  importance,  since  it  is 
estimated  that  in  some  sections  fully  40  per  cent,  of  the  raw  sugar  is 
inverted  by  bacterial  enzymes  and  thus  made  uncrystallizable.  If  not 
prevented,  the  fermentation  of  the  sugar  may  follow,  giving  rise  to  a 
great  number  of  products  of  decomposition.  Of  most  interest,  perhaps 
is  a  change  brought  about  by  a  bacterium,  Lcuconostoc  mesenteroides 
and  its  allies.  This  organism  grows  but  poorly  when  submitted  to  the 
usual  treatment  in  the  laboratory. 

In  solutions  containing  cane  sugar,  on  the  other  hand,  it  develops 
with  extreme  rapidity,  and  is  characterized  by  the  formation  of  immense 
gelatinous  masses  of  zooglcea,  sometimes  of  several  cubic  feet  in  size, 
and  oftentimes  completely  filling  the  conductors  and  pipes  of  the  refin- 
ery, thus  entailing  heavy  loss.  This  organism  is  of  interest,  further, 
because  of  the  fact  that  the  gelatinous  capsule  acts  as  a  protection  to 
the  living  cell,  and  endows  it  with  a  certain  amount  of  durative  power 
so  that  the  organism  may  withstand  considerable  periods  of  drying. 

Recent  study  has  shown  that  the  number  of  species  of  bacteria 
which  may  invert  or  otherwise  act  upon  raw  sugar  solutions  is  very  large, 
and  the  industry  is  also  beset  with  difficulties  due  to  some  extent  to 
higher  fungi,  especially  certain  moulds. 

Although  less  readily  apparent,  the  r61e  of  the  bacteria  in  the  soil, 
in  their  relations  to  agriculture  should  be  regarded  as  of  the  highest 
importance.  Owing  to  the  difficulties  encountered  in  pursuing  inves- 
tigations in  this  line,  our  knowledge  is  still  very  imperfect,  but  we 
believe  that  through  microbial  activity  the  dead  organic  matter  in  the 
soil  is  transformed  into  mineral  matter  or  into  a  form  that  can  be 
utilized  by  green  plants.  Thus  we  get  a  cycle  of  processes  taking 
place  in  the  living  earth.  Several  groups,  and  probably  very  many 
species  of  bacteria  are  involved  in  this  work  of  breaking  down  matter 
and  building  it  up  again  in  new  combinations.  One  group  attacks 
the  cellulose  of  dead  plants,  reducing  it  to  simpler  substances.    Matter 


'  For  a  more  complete  account  of  Bacteriology  in  Canning  Industries,  see  Technology 
Quarterly,  Vol.  X,  No.  i,  and  Vol.  XI,  No.  i. 
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like  urea  is  first  hydrolized  and  changed  into  ammonium  salts  by 
another  group,  and  the  ammonium  compounds  are  oxidized  first  to 
nitrites  by  the  nitroso-bacteria,  and  still  further  to  nitrates  by  the 
nitro-bacteria,  thus  completing  the  process  of  nitrification,  or  mineral- 
ization. The  green  plants  then  take  up  the  nitrates,  using  the  nitro- 
gen in  building  up  new  protoplasmic  material  in  the  form  of  living 
cells,  thus  transforming  the  mineral  matter  back  to  organic,  and  com- 
pleting the  cycle. 

Here,  too,  should  be  mentioned  a  group  of  bacteria  found  in  the 
soil  which  enter  into  symbiotic  relations  with  leguminous  plants  and 
thereby  give  to  them  the  power  to  absorb  nitrogen  directly  from  the 
air.  This  process  is  known  as  the  fixation  of  nitrogen.  The  bacteria 
enter  the  root  hairs  of  the  plant,  increase  in  number,  and  bring  about 
the  development  of  nodules  or  tubercles.  Under  these  conditions  the 
bacteria  become  somewhat  modified,  some  being  actively  motile,  while 
others  become  quiescent.  In  a  later  stage  the  non-motile  rods  become 
branched  and  form  a  fine  network  known  as  the  bacteroid  tissue. 
When  these  modules  are  developed,  the  plant  can  take  nitrogen  from 
the  air  and  use  it  in  building  up  its  own  substance.  This  remarkable 
power  has  been  found  in  only  one  or  two  species  of  plants  outside  the 
Leguminos(By  but  practically  all  genera  of  this  family  can  enter  into 
this  strange  commensalism  with  bacteria,  and  thus  these  plants  are 
characterized  as  nitrogen  collectors,  while  others  are  nitrogen  con- 
sumers. It  has  been  suggested  to  utilize  cultures  of  such  organisms 
to  enrich  worn  out  land  by  inoculating  the  soil  with  them,  and  it  is, 
perhaps,  not  too  much  to  expect  that  science  will  turn  these  organisms 
to  good  account  by 'rendering  them  even  more  productive,  although 
the  experimental  stage  of  the  process  has  not  yet  been  passed. 

In  the  foregoing  pages  have  been  imperfectly  sketched  some  of 
the  ways  in  which  the  bacteria  have  proved  of  use  or  importance  in 
industrial  operations.  Others  might  have  been  mentioned.  Moreover 
a  large  number  of  processes  await  investigation  to  prove  definitely 
whether  they  are  to  be  ascribed  to  bacterial  causes,  among  them 
the  production  of  silage  and  the  curing  of  tobacco.  Whether  such 
changes  prove  to  be  of  bacterial  origin  or  due  to  enzymes  produced 
])y  other  organisms,  there  can  be  little  doubt  that  the  future  will 
show  many  new  ways  in  which  the  bacteria  will  be  made  useful  to 
mankind. 
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Wherever  we  have  accounts  of  the  early  races  of  man,  we  find 
that,  surrounded  by  the  forces  of  nature,  he  has  endeavored  to  make 
himself  the  master  of  these  forces,  for  he  early  learned  that  his  happi- 
ness and  chief  good  depended  upon  such  action  on  his  part.  Where 
the  original  man  depended  upon  the  crudest  of  implements  to  till  the 
ground  by  slow  stages,  mechanical  appliances  allowed  him  to  concen- 
trate the  strength  of  beasts  of  burden  upon  the  accomplishment  of 
these  tasks ;  he  was  enabled  to  provide  for  himself  and  his  family 
some  shelter  other  than  a  cave,  that  the  fury  and  ravages  of  the 
stormy  winds  might  be  turned  aside ;  he  learned  to  make  coverings 
for  his  body,  adapting  them  to  the  season ;  but  he  soon  found  that  his 
needs  were  increasing  faster  than  his  ability  to  supply  them  ;  for,  where 
skins  of  wild  beasts  once  sufficed  for  clothing,  it  proved  cumbersome 
and  heavy  when  the  scorching  sun  shone  from  a  cloudless  sky,  and  the 
shelter  that  replaced  the  cave  was  not  enough  to  protect  him  as  it 
should.  Just  when  man  discovered  that  by  interlacing  small  fibers 
material  could  be  supplied  for  coverings  which  might  be  made  thin  or 
thick,  and  adapted  to  the  extreme  conditions  under  which  he  might 
find  himself,  is  not  known,  but  it  is  certain  that  several  thousand  years 
ago  the  Egyptians  had  developed  many,  lines  of  industry  in  a  high 
degree,  as,  for  instance,  spinning  and  weaving,  making  use  of  both 
form  and  color  in  their  designs  ;  for  they  were  not  content  to  provide 
alone  for  the  comfort  of  the  body,  but  also  for  the  pleasure  that  might 
come  to  the  eye  in  looking  upon  the  design. 

That  most  important  fact  which  underlies  the  art  of  spinning,  \iz., 
that  fibers  of  limited  length  might  be  made  into  a  continuous  strand  by 
twisting  them  together,  was  a  well-known  principle,  but  for  a  very  long 
time  there  was  nothing  to  aid  the  hand  in  accomplishing  the  result. 
WTien  the  yarn  was  made  and  it  was  attempted  to  form  the  fabric,  a 
crude  loom  assisted  the  dextrous  fingers  to  complete  the  weave ;  true 
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enough,  there  were  many  beautiful  fabrics,  cloths  of  purple  wrought, 
so  it  is  said,  with  fine  gold,  but  these  were  the  result  of  the  slowest 
kind  of  hand  work,  and  of  necessity  were  so  costly  as  to  be  beyond  the 
reach  of  any  but  the  rich. 

Again,  we  find  from  history  that  one  of  man's  pleasures  has  ever 
been  to  travel  abroad  that  he  might  \asit  with  his  fellow  men.  In  the 
ancient  days  he  set  out  with  his  beasts  of  burden,  and  slowly,  even 
painfully,  made  his  way  from  one  place  to  another,  with  nothing  to 
protect  him  from  the  tempest's  Avrath,  with  no  means  to  cross  streams 
other  than  fording,  and  arriving  at  his  destination  oftentimes  so  fatigued 
as  to  find  little  or  no  pleasure  in  the  realization  of  his  dreams.  For 
many  centuries  man  lived  thus,  although  he  was  far  from  content. 
He  mastered  letters,  in  the  fine  arts  he  excelled,  but  his  condition  was 
not  strikingly  different  from  one  century  to  another,  until  during  the 
eighteenth  century  there  came  a  firmer  grasp  upon  the  laws  of  nature, 
when  it  became  evident  that  there  must  soon  be  an  awakening,  which 
must  form  the  basis  for  an  advance  which  hitherto  had  never  been 
thought  possible. 

T  was  well  said,  indeed,  that  "  'T  was  ne'er  entailed  from  sire  to 
son ;  learning  by  study  must  be  won ; "  and  this  is  strikingly  true 
to-day ;  but  there  is  now  a  vastly  greater  field  of  previous  successes 
and  failures  from  which  learning  may  be  won.  The  boy  in  school 
often  feels  dissatisfied  and  chafes  under  the  amount  of  work  that  his 
teacher  requires  of  him  ;  usually  he  little  knows  of  the  hours  of  time 
spent  and  the  volume  upon  volume  that  the  instructor  has  gone  through 
in  order  that  the  most  accurate  statements  may  be  made,  that  the 
information  given  may  be  condensed  into  the  smallest  space,  and  that 
the  teaching  may  be  as  comprehensive  as  possible.  What  is  attained 
in  the  present  day,  and  that  we  apparently  attain  so  much  more  in  a 
given  time  than  formerly,  is  due  to  the  fact  that  we  have  learned  to 
make  these  records  of  bygone  days  of  more  and  more  avail,  and  that 
we  are  not  satisfied  with  learning  for  its  own  sake,  but  rather  for  what 
it  teaches  us  to  do  in  bettering  our  condition.  When  we  wish  to  travel 
to-day,  there  awaits  our  pleasure  a  veritable  palace  on  wheels,  which 
defies  storm  and  wind  and  rushes  on  over  river  and  fen,  never  slack- 
ening its  speed  until  its*  destination  is  reached.  Likewise  there  are  at 
our  disposal  an  infinite  variety  of  fabrics,  machine  made,  and  therefore 
at  prices  which  all  can  afford,  and  adapted  to  our  many  wants.  It  is 
a  fact  that  many  of  the  attainments  that  have  given  us  useful  material 
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have  not  gone  through  any  processes  of  inductive  reasoning,  but  have 
been  the  result  of  chance :  if,  however,  a  trained  mind  had  not  been  at 
hand  to  interpret,  recognize,  and  see  possibilities  in  the  new  phenom- 
enon, in  almost  no  case  would  it  have  developed  into  the  reality. 

The  century  just  closed  has  witnessed  the  inception  of  nearly  every 
enterprise  that  we  now  have,  and  that  this  is  a  fact  is  due  chiefly  to  the 
carrying  out  of  the  principle  of  truth,  ever  and  always  a  most  lofty 
principle,  particularly  with  reference  to  the  scientific  work,  as  men- 
tioned before. 

In  this  century  we  have  had  the  steam  engine  so  far  perfected  that 
we  may  find  in  a  single  machine  the  power  of  thousands  of  horses.  We 
have  the  electric  telegraph,  which  has  been  called  one  of  the  greatest 
civilizers  and  engines  of  peace  the  world  has  ever  seen ;  more  recently 
is  given  the  telephone,  which  already  enables  us  to  talk  as  readily  one- 
third  of  the  distance  across  our  continent  as  we  can  face  to  face,  and 
there  are  at  hand  the  means  for  indefinite  extension.  Our  factory 
wheels  and  our  street  cars  are  moved  by  a  waterfall,  where  the  water 
has  been  tumbling  ceaselessly  and  aimlessly  for  countless  ages,  waiting 
until  the  nineteenth  century  before  it  should  be  harnessed.  Roentgen 
has  given  the  world  the  X-Ray,  which  has  well-nigh  revolutionized  sur- 
gery, and  even  more,  for  the  day  has  long  gone  by  when  this  powerful 
agency  has  done  no  more  than  to  sho>v  us  the  embedded  bullet  or  the 
broken  bone,  and  now  opens  to  the  physician  the  very  inwardness  of  a 
man,  showing  the  heart  action,  lung  diseases  and  the  like,  as  clearly  ^s 
if  printed  upon  the  open  page. 

It  is  not  to  be  wondered  at  that  Keeley,  with  invisible  capillary 
tubes,  charged  with  highly  compressed  air,  could  impose  upon  a  long- 
suffering  public  ;  nor,  again,  that  another  man  could  float  a  company 
which  proposed  to  make  ten  electric  lights  burn  where  but  a  single  one 
glowed  before ;  nor  that  a  Jernegan  should  obtain  thousands  of  dollars 
belonging  to  other  people  presumably  to  organize  a  company  which 
might  extract  gold  from  sea  water,  —  not  quite  so  preposterous,  to  be 
sure,  as  extracting  sunbeams  from  cucumbers.  There  was  an  element 
of  truth,  however,  for  does  not  even  the  embryo  chemist  know  that 
there  are  gold  and  silver  in  sea  water,  and  does  he  not  know  that  it  is 
found  in  very  small  quantities  and  that  some  natural  facility  must  be 
afforded  to  handle  larger  quantities  of  water  at  the  lowest  cost,  if  the 
thing  is  to  be  made  practical }  When  Jernegan  established  his  plant 
on  the  far-away  coast  of    Maine  he  took  account  of   all  these  things, 
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for  there  the  tides  rise  high  and  flow  swiftly.  The  water  that  might 
be  treated  at  one  ebb  and  flow  would  be  carried  far  away  and  a  fresh 
lot  brought  to  hand  for  treatment,  by  nature's  own  forces.  Here  was 
a  case  where  even  scientific  credulity  was  imposed  upon,  although  by 
a  sufficiently  careful  analysis  it  could  most  surely  have  been  shown  that 
the  operation  was  at  fault. 

All  this  goes  to  show  that  the  human  family  does  pay  deference  to 
the  productions  of  modern  science  and  is  ever  ready  to  receive  and 
appropriate  new  truths  as  they  are  promulgated.  There  must  of 
necessity  be  some  bad  mixed  with  the  good,  some  bitter  with  the 
sweet. 

An  historical  review  of  scientific  attainments  of  bygone  days  shows 
that  many  phenomena  were  observed  and  many  individual  investiga- 
tions made,  but  each  was  distinct  by  itself  and  had  little  or  no 
connection  with  others.  They  added  little,  if  anything,  to  the  happi- 
ness or  advancement  of  the  human  family,  so  that  when  they  did 
become,  in  later  days,  of  some  importance,  and  when  there  appeared 
a  particular  connection  between  themselves  and  the  daily  affairs  of 
men,  they  were  discredited.  In  other  words,  there  came  to  be  drawn 
a  very  strong  line  dividing  theory  and  practice. 

At  the  present  time  this  barrier  is  fast  sinking.  In  nearly  every 
case  where  we  hear  it  said  that ,  theory  and  practice  do  not  agree,  we 
can  find  by  investigation  where  the  theory  was  wrong  or  incomplete, 
usually  the  latter,  or  where  the  practice  was  imperfect. 

There  never  was  a  time  in  the  world's  history  when  advancement 
along  all  lines  of  manufacture  has  greater  impetus  than  now.  We 
have  striking  illustrations  of  the  relations  between  manufacturing  coun- 
tries where  trained  skill  is  employed  and  those  where  it  is  lacking. 
It  is  shown  that,  within  the  United  States,  those  States  that  do  most 
for  education  have  the  highest  productive  capacity.  With  an  average 
duration  of  school  attendance  in  a  recent  year  of  4.4  years  for  the 
United  States  at  large,  Massachusetts  showed  seven  years  and  Tennes- 
see but  three  years.  The  productive  capacity  of  the  United  States  at 
the  same  period  was  55  cents  per  day,  Massachusetts  85  cents,  and 
Tennessee  38  cents.  The  expenditures  were,  for  the  United  States, 
%2.6t per  capita  of  population  ;  in  Massachusetts,  $5.07,  and  in  Tennes- 
see, 83  cents.  This  is  not  an  isolated  case,  although  it  is  a  very  strong 
one,  and  its  lesson  is  obvious. 

We  have  seen  in  our  own  country  a  most  phenomenal  growth  in 
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the  iron  and  steel  trade.  Why  have  we  been  able  to  build  bridges 
in  a  shorter  time  and  at  a  less  cost,  to  be  erected  in  a  far-away  conti- 
nent, where  all  the  mechanical  appliances  to  be  used  in  their  erection 
might  be  had  only  by  taking  them  there,  where  men  used  to  our  cli- 
mate have  worked  under  tropical  suns  and  under  the  most  adverse 
conditions,  and  then  have  received  the  well-merited  applause  of  the 
whole  world  ?  Why  have  we  been  enabled  to  build  locomotives,  adapt- 
ing them  to  the  particular  conditions  of  countries  all  over  the  earth,  and 
to  place  our  products  in  competition  with  the  world?  Why  have  we 
made  tons  upon  tons  of  water  wipe  to  send  to  Australia?  Why  are 
there  many  representatives  from  the  far-away  ."  Yankee  land  of  the 
East  "  in  our  country  to  buy  looms  ?  Again  let  me  ask,  why  have  we 
been  able  to  do  these  things  within  the  last  decade  and  not  before? 
Surely  not  because  the  iron  ore  was  not  in  the  mountains,  nor  for  the 
lack  of  coal,  nor  yet  for  the  lack  of  capital.  There  can  be  but  one 
answer.     Because  we  did  not  know  how. 

From  time  immemorial  the  man  who  has  mastered  letters  has  been 
universally  looked  up  to  as  the  possessor  of  something  occult,  that  he 
was  far  above  those  who  had  not  his  attainments.  Those  professions 
that  depended  upon  such  a  knowledge,  were  accordingly  placed  on  a 
high  pedestal  long  ago,  while  he  who  shod  your  horse  and  mended  the 
tire  on  your  wagon  was  looked  upon  as  one  possessing  a  trade,  which 
was  to  be  attained  only  by  the  repetition  of  those  selfsame  operations. 
To  be  sure,  the  man  of  letters  could  have  learned  those  operations,  and 
doubtless  they  would  have  been  learned  very  well ;  but  the  step  from  the 
blacksmith's  anvil  to  the  great  hammers  weighing  many  tons,  which 
now  forge  the  frames  for  a  multitude  of  new  machines,  the  field  rings 
which  make  possible  the  gigantic  generators  at  Niagara,  the  armor  plates 
which  protect  our  battleships,  and  the  shafts  which  drive  these  ships 
from  ocean  to  ocean,  would  never  have  been  possible  if  something  other 
than  manual  dexterity  had  not.  been  acquired. 

It  was  not  often  that  the  apprentice  ever  exceeded  his  master  in 
skill,  and  if  he  did  it  was  in  some  trifling  detail,  if  he  depended  upon 
his  hands  alone.  When  once  it  was  realized  that  the  advancement  in 
any  line  was  attained,  not  by  a  great  manual  dexterity,  but  by  an  appli- 
cation of  the  mind  through  the  hand,  then  we  had  the  inception  of 
scientific  schools. 

Without  doubt  the  high  position  of  our  own  country  in  the  affairs 
of   the  world  along   the  lines   just  spoken  of  may  be  ascribed  to  the 
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training  that  we  have  had  through  these  scientific  schools.  There  is 
one  school  which  dates  back  to  about  the  first  quarter  of  the  last  century, 
but  those  that  are  now  the  largest  and  best  known  date  back  to  within 
only  the  last  half  century  —  far  enough  back,  however,  so  that  the  grad- 
uates may  take  important  positions  in  the  manufacturing  and  mercantile 
enterprises  which  are  so  far  in  the  lead  of  our  great  prosperity. 

The  growth  that  is  of  the  most  importance  is  the  one  whose  roots 
have  sunk  deep  enough  to  supply  in  the  dryest  time  the  trunk  and 
branches  with  the  needed  nourishment,  where  the  minimum  flow  must 
never  be  less  than  such  an  amount  as  will  satisfy  the  demands  of  the 
whole.  Such  a  growth  is  of  necessity  slow,  and  usually  the  slower 
the  growth,  the  firmer  will  be  the  substance,  well  fitted  to  withstand  the 
storms  and  ravages  of  time. 

The  centuries  have  been  accumulating  a  fund  of  knowledge,  which 
is  now  in  our  hands  ;  it  has  led  us  to  the  position  where  we  can 
advance  much  more  rapidly  than  of  yore,  each  success  making  way  for 
many  new  and  useful  things.  Suppose  the  carpenter  to  be  building 
for  you  a  house ;  nowadays  he  selects  for  his  stock  the  frames,  boards 
planed  and  finished,  mouldings,  floorings,  doors  and  window  frames, 
where  once  he  was  fortunate  to  obtain  the  lumber  roughly  squared 
and  dry  enough  to  work.  What  is  the  result  1  Does  the  carpenter 
know  less,  or  are  these  various  specialists  mere  machines  of  parts  of 
their  machines .?  Does  it  throw  out  of  employment  the  high-priced  man 
who  could  perform  all  these  operations .?  No  ;  rather  it  opens  up  count- 
less other  positions  in  allied  industries,  giving  in  almost  every  case 
employment  to  a  far  greater  number  of  men,  and  with  the  added  advan- 
tage that  the  product  may  be  within  the  reach  of  a  vastly  larger  number 
of  people,  whose  homes  may  be  beautified,  or  made  comfortable,  or  both. 
Who  a  hundred  years  ago  ever  heard  of  a  motorman  }  Or  what  would 
our  forefathers  understand  by  such  terms  as  conductor,  lineman,  stoker, 
brakeman,  bacteriologist,  analyst,  or,  indeed,  a  score  of  others  ? 

Each  specialization  brings  a  new  field  with  its  many  positions  into 
view,  and  adds  rather  than  cuts  down  the  number  of  available  oppor- 
tunities where  men  may  work.  To  be  sure,  many  improved  machines 
do  away  with  an  amount  of  manual  labor,  but  require  more  and  better 
skilled  labor  at  the  head  of  the  line.  The  law  of  the  survival  of  the 
fittest  must  ever  dominate. 

In  seeking  to  surpass  previous  attainments,  man  long  ago  had  pro- 
vided well  for  the  necessities  of  life,  and  not  much  was  lacking  to  make 
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him  comfortable,  but  he  was  not  satisfied  with  this  ;  he  launched  out 
in  all  directions ;  he  would  have  fruits  from  the  tropics,  spices  from  the 
East,  tea,  coffee,  and,  in  fine,  everything  to  be  had  in  the  world,  and 
would  exchange  for  them  his  own  products.  He  must  have  ready 
and  efficient  means  for  communication,  that  he  might  travel  and  visit 
wherever  he  chose.  He  was  not  satisfied  to  clothe  himself  with  that 
which  would  make  his  body  merely  comfortable  ;  he  sought  to  adorn  it, 
and  the  coverings  of  the  walls  and  floors  of  his  house  have  been  treated 
similarly. 

There  is  no  more  striking  mark  of  the  advance  of  civilization  of  a 
people  than  the  degree  of  beauty  in  their  structures,  —  this  term  being 
used  in  the  broadest  sense,  comprising  whatever  must  be  put  together 
for  some  particular  use,  but  is  nevertheless  susceptible  to  adornment,  — 
and  this  is  especially  apparent  in  the  textile  fabrics. 

There  is  no  department  among  the  industries  of  the  world  where 
there  has  been  a  greater  lack  of  well-trained  minds  than  in  producing 
the  countless  varieties  of  fabrics  with  which  we  clothe  ourselves  and 
beautify  our  homes.  To  be  sure,  it  is  not  so  very  long  a  time  since 
there  was  nothing  but  the  crudest  form  of  hand  machine  to  clean  the 
fiber,  make  the  yarn,  or  weave  the  cloth  ;  and  until  the  cloth  itself  could 
be  constructed  there  was  obviously  no  chance  to  even  attempt  to 
beautify. 

The  tapestries  of  the  olden  time  and  the  fabrics  with  their  intricate 
designs  were  made  by  the  slowest  process  of  hand  work,  and  were 
therefore  so  costly  as  to  be  beyond  the  reach  of  the  masses.  When 
power  machinery  was  introduced,  the  quantity  of  the  output  was 
increased,  a  uniformity  of  product  secured,  and  a  great  reduction  in 
price  made,  although  none  but  the  plainest  of  goods  was  produced. 
This  was  the  first  great  step  forward,  but  in  a  work  on  cotton  manu- 
facture, published  no  longer  ago  than  1836,  it  is  stated  that  "the  plain 
loom  is  running  well,  and  great  hopes  are  entertained  that  there  will 
soon  be  a  power  loom  for  weaving  fancy  goods.'*  There  have  been 
great  difficulties  for  the  manufacturer  to  overcome,  and  there  has  been, 
accordingly,  the  greatest  tendency  for  him  to  continue  with  a  given  line 
of  goods,  so  long  as  a  market  could  be  found,  changing  only  when 
necessary  to  keep  up  the  trade. 

The  apprentice  system  was  good,  and  it  turned  out  men  who  man- 
aged these  enterprises  in  a  masterly  way,  but  who  shall  say  that  it 
might  not  have  been  better }     It  is  not  in  the  power  of  every  one  to 
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impart  knowledge,  and  the  young  man  who  depends  entirely  upon  his 
own  quickness  of  perception,  and  what  he  may  acquire  by  chance  from 
others,  is  most  surely  handicapped  in  the  race  with  tHe  elements,  as 
compared  with  him  whose  mind  is  directed  by  those  selected  for  their 
capability  and  skill  in  whatever  line  it  may  be.  There  is  not  a  lack  of 
properly  developed  artistic  ability  to  blend  form  and  color  in  perfect 
harmony  ;  this  has  been  in  the  world  for  centuries.  It  is  the  mechan- 
ical means  to  reproduce  these  things  that  has  been  lacking.  Who  can 
estimate  the  uplifting  influence  of  the  numerous  photographic,  litho- 
graphic, and  other  printing  processes  in  scattering  broadcast,  and  bring- 
ing within  the  reach  of  the  poorest,  the  best  art  in  the  world  ?  While 
this  may  have  its  effect  upon  civilization,  people  are  not  compelled  to  look 
at  such  things,  as  they  are  compelled  to  look  upon  their  clothes,  carpets, 
and  hangings,  which  contribute  primarily  to  their  comfort,  and  yet  have 
been  well-nigh  hideous  to  the  sight.  Here  we  meet  the  serious  question 
of  mechanical  de\ices  to  further  our  ends. 

Wonderful  results  have  been  obtained,  but  the  field  is  wide  for 
conquest.  Even  now  many  processes  are  crude,  but  the  means  for 
study  and  investigation  are  increasing  fast. 

Foreign  countries  are  far  ahead  of  us.  Germany  in  particular  has 
a  most  elaborate  system  of  schools  in  direct  touch  with  nearly  every 
department  of  industry,  and  is,  accordingly,  occupying  an  enviable 
position  with  relation  to  the  world's  affairs,  though  according  to  our 
standards  their  schools  are  chiefly  trade  schools. 

A  piece  of  plain  fabric,  long  a  standard  product  of  our  mills,  is 
worth,  as  raw  stock,  some  eight  or  nine  cents  per  pound,  and  only 
eighteen  cents  per  pound  as  print  cloth ;  to  this  additional  nine  or  ten 
cents  are  charged  the  pay  roll,  repairs,  taxes,  insurance,  depreciation, 
waste,  and  a  very  small  profit.  A  bit  of  Swiss  muslin  is  worth  but 
little  more  in  the  raw  stock,  yet  with  the  same  pound  of  cotton  in 
twenty  yards  of  fabric  will  sell  for  $8  or  $10.  Is  it  not  time  that  we 
were  alive  to  the  situation } 

In  developing  the  higher  grade  of  goods,  particularly  with  color 
added,  we  must  take  advantage  of  almost  all  the  research  of  modern 
science ;  at  least,  we  must  appropriate  something  from  every  depart- 
ment, for  the  degree  of  precision  attained  demands  an  application  of 
skill  rn  a  continuously  increasing  quantity. 

The  question  of  trade  schools  and  of  how  far  science  may  be  applied 
to  art  without  losing  its  identity  has  been  long  a  subject  of  discussion. 
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It  needs  no  extended  argument  to  prove  the  value  of  the  application  of 
the  principles  of  pure  science  to  the  production  of  tangible  results. 

The  gap  between  pure  science,  particularly  in  mathematics  and 
physics,  on  the  one  hand,  and  applied  science  on  the  other,  has  been  in 
many  cases  as  great  as  between  science  in  general  and  the  so-called 
practical  part  of  the  world ;  and  it  is  even  amusing  to  a  disinterested 
spectator  to  note  the  apparent  astonishment  on  the  part  of  certain 
speculative  mathematicians,  whose  great  delight  is  in  the  4th,  5th  or 
nth  dimensions  of  space,  when  they  are  shown  tangible  results  that  can 
be  laid  off  and  measured  with  a  foot  rule,  emanating  from  many-fold 
integrals. 

If  we  admit  that  material  progress  is  dependent  upon  a  perfectly 
secure  footing  in  the  principles  of  science,  we  must  not  leave  any  stone 
unturned  until  these  fundamentals  shall  be  as  surely  established  as  is  the 
rock  of  Gibraltar.  One  man  or  set  of  men  must  enunciate  and  substan- 
tiate the  purely  theoretical  part  of  the  work,  and  another  must  take  up 
so  much  of  that  as  may  be  necessary  to  the  completion  of  their  ends,  for 
it  is  obvious  that  no  one  man  can  live  long  enough  to  dominate  both 
fields.  While  not  discrediting  the  trade  school,  so  called  in  the  strictest 
sense  of  the  word,  one  should  look  with  some  suspicion  upon  it,  if  it  does 
not  make  use  of  the  latest  and  best  methods  of  science,  —  not  depending 
upon  the  result  alone,  but  inquiring  carefully  into  the  correctness  and 
reliability  of  all  the  elements.  It  is  not  enough  in  many  cases  to  give 
a  man  a  general  training  which  will  enable  him  to  understand  the  deduc- 
tions of  the  purely  theoretical  side,  leaving  him  to  find  an  application 
for  himself.  True,  there  will  always  be  a  demand  for  a  large  number 
of  these  men,  but  there  will  be  an  equally  great,  if  not  greater,  demand 
and  for  a  larger  number  of  men  who  are  one  step  further  removed  from 
the  purely  theoretical  side,  and  at  the  same  time  are  more  strictly  in 
touch  with  the  material  or  result -yielding  portion  of  the  community. 

There  is  invested  in  the  State  of  Massachusetts  in  the  textile  indus- 
try about  one  hundred  and  sixty-seven  million  dollars.  While  there  is 
a  question  in  the  minds  of  some  as  to  whether  the  cotton  industry  will 
survive  the  competition  of  the  South,  there  surely  is  not  any  need  to 
fear  a  very  immediate  removal.  There  are  certain  features  of  the  case 
which  will  eventually  change,  so  that  the  question  of  labor,  taxes,  insur- 
ance, and  others  closely  allied,  will  doubtless  soon  settle  themselves. 
With  all  this  capital  invested,  it  can  safely  be  taken  for  granted  that  if 
we  cannot  make  the  coarser  grade  of  goods,  we  will  make  the  finer.     It 
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is,  then,  no  wonder  that  hitherto  the  large  proportion  of  our  cotton  crop 
should  be  sent  abroad,  manufactured  into  the  finest  goods,  sent  back 
here  and  sold  over  the  counters  of  our  stores  ;  for  we  have  not  been 
providing  the  means  to  properly  train  our  own  people,  who  should  have 
been  employed  in  manufacturing  these  goods,  while  across  the  water 
every  possible  means  has  been  brought  forth.  Long  ago  we  found  our- 
selves solving  well  some  kindred  questions.  More  recently  we  have 
taken  up  the  problem  of  the  application  of  science  to  the  textile  world, 
and  we  find  that  the  further  we  travel,  the  higher  we  climb,  just  so 
fast  does  the  horizon,  which  seems  to  mark  the  limit  of  attainments, 
recede. 

The  leading  manufacturers  of  Lowell  long  ago  realized  the  necessity 
for  meeting  this  problem,  and  after  much  study  organized  as  the  Trus- 
tees of  the  Lowell  Textile  School.  In  this  school  they  have  collected 
such  machines  as  are  in  use  in  the  production  of  the  fabrics  of  the 
present  day,  and  have  assembled  a  corps  of  instructors  who  are  entirely 
familiar  with  the  practical  running  of  these  machines,  and  at  the  same 
time,  so  far  as  possible,  are  thoroughly  well  grounded  in  the  theoretical 
side  of  their  several  branches.  It  was  seen  early  that  such  a  school 
must,  first  of  all,  produce  as  good  results  as  were  attained  in  the  best 
mills,  and  when  this  point  was  attained,  all  the  research  of  modern 
science  must  be  brought  to  bear  if  any  advance  was  to  be  made.  The 
work  soon  developed  into  the  laboratory  method,  the  instructor  first 
covering  the  ground  by  a  lecture,  and  afterward  causing  the  student  to 
produce  the  tangible  result  upon  the  machine.  When  it  is  realized  that 
at  the  present  time  almost  endless  numbers  of  effects  in  the  finished 
goods  are  produced  by  combinations  of  fibers,  chemical  changes,  etc.,  it 
is  not  hard  to  see  how  extensive  an  equipment  is  necessary  to  handle 
such  work. 

The  school  already  has  complete  equipments  for  producing  the 
different  varieties  of  cotton,  woolen,  worsted  and  other  yarns,  making 
the  designs,  ornamentations,  and  harmonizing  the  colors  for  the  fabrics, 
weaving  the  same,  as  well  as  handling  the  chemistry  and  dyeing  which 
may  be  necessarily  connected  therewith.  The  school  has  been  in  opera- 
tion a  sufficiently  long  time  to  observe  the  results  attained  to  some 
extent,  and  it  is  found  that  these  results  have  been  good ;  for  every- 
where the  manufacturer  is  realizing,  as  never  before,  that  he  must  have 
trained  skill  in  and  about  his  mill ;  and  on  the  other  hand,  it  is  seen  that 
science  alone  is  of  small  -avail  if  it  be  not  applied. 
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BOOK    REVIEW. 
Electrical    Testing.^ 

As  a  result  of  the  rapid  development  of  the  profession  of  Elec- 
trical Engineering  and  the  consequent  necessity  of  giving  an  adequate 
experimental  treatment  of  the  various  branches  of  the  subject,  the 
demands  on  the  time  of  the  student  have  become  most  exacting. 
This  forces  one  to  consider  most  carefully  the  general  arrangement 
of  laboratory  work  and  the  particular  experiments  which  should  form 
the  course.  As  it  appears  to  us,  the  subject  of  Electrical  Testing 
should  be  one  that  not  only  furnishes  the  student  with  certain  tools 
of  trade,  but  should  possess  a  real  educational  value  in  establishing 
a  critical  attitude  of  mind  in  respect  to  all  experimental  work.  There- 
fore only  the  best  methods  should  be  included  in  the  course,  and  these 
should  be  accompanied  by  a  suggestive  text  in  which  possible  sources 
of  error  are  adequately  discussed.  It  is  with  these  things  in  mind 
that  we  turn  to  the  recent  volume  by  Professor  Parr. 

The  sub-title,  "  A  Course  Suitable  for  First  and  Second  Year  Stu- 
dents and  Others,"  explains  in  a  measure  the  nature  of  the  experi- 
ments included  in  the  book,  and. the  statement  that  the  volume  is 
to  be  followed  by  another  which  will  treat  of  experimental  work  of  a 
character  more  intimately  connected  with  electrical  engineering,  may 
be  taken  as  an  explanation  why  certain  things  are  omitted. 

The  book  is  divided  into  four  parts.  The  first  is  a  laboratory 
manual  of  215  pages  devoted  to  direct  current  measurements,  includ- 
ing properties  of  iron  and  measurement  of  'inductance.  In  this  sec- 
tion the  subject  matter  is  divided  into  120  sections,  nearly  every  one 
of  which  treats  of  a  distinct  experimental  rnethod.  Following  this  is 
an  appendix  of  30  pages  in  which  demonstrations  of  the  various  for- 
mulae occurring  in  the  first  part  are  to  be  found.  A  section  of  ioi 
pages  treats  of  apparatus,  and  is  illustrated  by  cuts  of  instruments  by 


'  Practical  Electrical  Testing  in  Physics  and  Electrical  Engineering.     By  G.  D.  Aspin- 
all  Parr.     New  York:  Longmans,  Green  &  Co.     392  p.,  231  ill.    $2.50. 
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well  known  makers,  as  well  as  those  in  the  laboratory  of  the  author. 
The  concluding  pages  are  occupied  by  Tables  of  Constants,  Loga- 
rithms, Trigonometrical  Functions,  Squares,  Reciprocals,  Doubled 
Square  Roots,  and  an  Index. 

Each  experimental  section  is  subdivided  as  follows  :  An  introduc- 
tion containing  in  a  condensed  form  the  theoretical  consideration  on 
which  the  experiment  -  is  based.  A  statement  of  the  apparatus  re- 
quired. Instructions  as  to  carrying  out  the  observation,  and  in  some 
cases  specific  questions  on  the  preceding  work. 

On  opening  the  book  one  finds  that  the  first  section  is  on  Curve 
Plotting,  but  the  capabilities  of  the  Graphical  Method  for  determining 
the  constants  in  particular  forms  of  equations  are  not  referred  to. 
Another  noticeable  omission  is  that  of  all  precision  discussions,  as 
well  as  those  pertaining  to  best  arrangements  of  apparatus.  Also  no 
adequate  treatment  of  possible  sources  of  error  in  the  various  experi- 
ments is  given. 

The  elementary  nature  of  the  earlier  experiments  is  probably  ex- 
plained by  the  fact  that  the  book  is  for  the  use  of  first  year  students ; 
but  it  seems  to  us  that  a  number  of  them  might  with  profit  be  omitted, 
especially  if  the  student  has  had  previous  training  in  manipulation. 
For  instance,  there  are  four  methods  of  measuring  galvanometer  resist- 
ance ;  eight  methods  for  battery  resistance ;  and  nine  methods  of  com- 
paring E.  M.  F's.  We  understand  that  the  book  is  not  a  compendium 
of  methods,  but  a  laboratory  manual,  and  as  such  the  methods  pre- 
sented to  the  students  should  be  those  of  approved  value. 

The  instructions  for  the  experimental  work  are  so  specific  that 
much  of  the  educational  value  of  the  laboratory  training  is  lost.  A 
notable  omission  is  that  of  all  calibration  work,  one  of  the  most  im- 
portant branches  of  Electrical  Testing. 

In  view  of  the  foregoing,  our  chief  criticism  of  this  laboratory 
manual  is  that  it  fails  to  embody  those  results  of  criticism  and  of  per- 
sonal experience  which  contribute  so  much  to  the  training  of  the  stu- 
dent  and  qualify  him  to  attack  new  problems  in  the  most  advantageous 
manner. 

Frank  A.  Laws. 
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Boston,  April  11,  1901. 

The  5  5 2d  regular  meeting  of  the  Society  of  Arts  was  held  on 
this  day  at  8  p.m.  at  the  Rogers  Building,  President  Pritchett  presiding. 
Fifty  persons  were  present. 

The  following  candidates  were  elected  to  Associate  Membership : 
Messrs.  John  S.  Eynon,  C.  E.  Sherman,  and  Joseph  C  Riley. 

Dr.  George  W.  Field,  Biologist  to  the  Rhode  Island  Agricultural 
Experiment  Station  and  Lecturer  on  Economic  Zoology  at  the  Insti- 
tute, spoke  on  "  The  Increase  of  the  Food  Supply  of  Mankind  through 
the  Cultivation  of  Marine  Animals :  a  Problem  in  Economic  Zoology." 

"  The  shore  and  deep  sea  fisheries  were  the  economic  foundation 
of  human  existence  in  New  England.  The  numerous  shell  heaps 
along  the  coast  testify  to  the  importance  of  the  shellfish  to  the 
Indians ;  the  chronicles  of  that  first  winter  on  Plymouth  shores  tell 
how  the  Pilgrims  'sucked  the  abundance  of  the  sea.*  The  settlers  of 
Boston  and  the  North  Shore  laid  the  foundations  of  prosperity  in  salt 
codfish  for  export   trade. 

"Massachusetts  is  well-nigh  alone  in  her  fortunate  aquatic  geo- 
graphical  situation,  being   at  the  meeting  line  of  the  cold  northern 
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waters  remarkable  for  the  small  number  of  species  but  enormous 
numbers  of  individuals,  e.  g.^  cod,  herring,  lobster,  oyster,  clams, 
scallops,  etc.,  and  the  warm  tropical  waters  remarkable  for  the  untold 
multitude  of  different  species  but  with  a  relatively  small  number  of 
individualjs  of  each  speciesi 

j^*^Thephyf5iogr2^plHc  J  features  of  Massachusetts  likewise  made  for 
great  productiveness ;  the  indented  coast,  with  shallow  bays,  and 
numerous  rivers  cause  a  rapid  growth  of  marine  vegetation,  which 
becomes  the  pasture  for  enormous  quantities  of  marine  animals, 
which,  in  turn,  become  food  for  man.  This  change  of  inorganic 
substance  washed  from  the  land  into  plant  and  animal  substance  is 
rapid  on  our  shores,  and  the  productive  capacity  of  any  area  is 
dependent  upon  the  rate  of  change,  just  as  a  business  enterprise  may 
prosper  according  to  the  rapidity  with  which  the  capital  is  turned  over. 

"  Aquatic  plant  and  animal  life  falls  into  two  groups  :  the  station- 
ary, fixed  to  the  bottom,  and  the  freely  wandering,  the  Plankton. 
The  Plankton  is  the  more  valuable  for  producing  crops  of  food 
animals,  and  a  study  of  the  Plankton  permits  a  forecast  of  the  pro- 
spective and  actual  economic  value  of  any  given  area  of  water. 

"  Water  under  favorable  conditions  produces  a  greater  quantity  of 
nitrogenousi  food  material  than  an  equal  area  of  land.  Water  is  as 
amenable  to  cultivation  as  land,  and  conditions  are  practically  dupli- 
cated. The  same  conditions  which  have  led  to  the  necessity  of 
cultivating  the  land  are  beginning  to  call  urgently  for  the  cultivation 
of  the  water.  Increasing .  population  results  in  increased  demand, 
soon  exceeding  the  supply.  Unless  the  supply  be  augmented,  we 
draw  on  nature's  capital,  and  biological  bankruptcy  is  sure  to  follow. 
The  destruction  of  adult  animals  by  man  results  in  upsetting  nature's 
equilibrium,  and  upon  man  comes  the  responsibility  for  making  the 
proper  adjustments.  Civilization  continuously  restricts  the  areas 
available  for  marine  animals.  Human  cupidity  and  lack  of  foresight 
lead  to  improper  laws.  *That  the  products  of  the  sea  belong  to  the 
people  as  a  common  heritage  guaranteed  by  the  constitution '  is  nar- 
rowly interpreted  in  the  interest  of  those  who  catch  or  sell  the 
products,  and  against  the  interests  of  *all  the  people'  who  are 
dependent  upon  the  products  of  both  land  and  sea  for  reducing  the 
cost  of  living.  The  public,  through  the  machinery  of  the  state,  has 
decided  upon  its  relations  to  the  ownership  of  lands  and  their  prod- 
uct^; siniilar  dipcisions  must  be  made  in  regard  to  water  areas.     This 
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is  especially  important  for  the  clam  industry  of  New  England. 
Uniformity  in  biological  legislation  for  sections  which  have  the  same 
biological  conditions  is  feasible  and  necessary.  Steps  should  be  taken 
to  make  uniform  laws  in  New  England  in  regard  to  the  lobster,  clam, 
oyster,  scallop,  game,  fish,  birds,  injurious  insects,  and  infectious 
plant  diseases. 

"  Public  biological  museums  should  be  located  in  every  city,  espe- 
cially conducted  for  giving  reliable  information  upon  all  economic 
questions  in  regard  to  plants  and  animals.  Each  collection  should  at 
first  deal  only  with  the  species  and  conditions  found  in  that  imme- 
diate vicinity.  In  this  way  a  reasonable  degree  of  completeness 
might  soon  be  obtained. 

'  **  The  problems  immediately  connected  with  the  supply  of  lobsters 
are  numerous,  important,  and  difficult  of  solution.  The  aggressive- 
ness of  the  lobster,  young  and  adult,  precludes  sociability,  and  there- 
fore the  number  which  can  live  in  a  given  area  is  strictly  limited. 
The  natural  breeding  ground,  too,  of  the  species  is  comparatively 
restricted  ;  it  is  bounded  on  the  north  by  the  icy  waters  of  the  Strait 
of  Belle  Isle,  between  Newfoundland  and  Labrador,  while  the  most 
southern  point  where  stragglers  have  been  taken  is  the  coast  of 
North  Carolina,  an  area  approximately  1,300  miles  long  and  thirty  to 
fifty  miles  wide,  or  about  50,000  square  miles.  The  coast  of  New 
England  should  produce  the  greatest  number  of  marketable  lobsters, 
since  it   is  at   about   the  middle  of  the  range. 

"In  spite  of  assertions  to  the  contrary,  it  would  seem  that  the 
following  figures,  compiled  from  the  returns  to  the  Massachusetts 
Commissioners  of  Inland  Fisheries  and  Game,  indicate  conclusively 
that  there  has  been  a  steady  and  rapid  decrease  in  the  lobster  supply. 
Of  the  nine  years  for  which  returns  of  Massachusetts  are  available  for 
study,  three  show  an  increase  in  the  number  of  lobsters  caught ;  but, 
unfortunately,  this  is  the  result  of  a  larger  increase  in  the  number  of 
men  and  traps  employed,  while  the  other  six  years  show  a  decrease 
in  all  points. 

**The  figures  are  from   1893  to    1900,  inclusive: 

Number  of  men  Number  of  Adult  lobsters.  Egg-bearing  lob- 

employed,  traps.  sters  reported. 

Total  increase  in  1894,   18%, 

1900,  over  the  preceding  year.  110  8,027  40,867  2,156 

Total  decrease  in  other  six  years.  193  11,053  544,100  19,259 

Net  decrease  in  last  nine  years.  83  3,026  504,233  17,ie3 
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.  Or  net  decrease  given  in  percentages: 

In  number  of  men  employed,  21.2% 

In  number  of  traps  used,  17.7% 

In  number  of  large  lobsters  taken,  43.9% 

In  number  of  egg-bearing  lobsters  reported,  52.2% 

"This  shows  that  there  is  a  smaller  net  decrease  in  the  number 
of  men ;  that  these  men  are  compelled  to  use  a  greater  number  of 
traps  per  man  on  the  average,  and  that  the  number  of  lobsters  above 
10^  inches  has  decreased  very  markedly  (by  nearly  one-half),  while 
the  number  of  egg-bearing  lobsters  reported  has  diminished  more 
than  one-half. 

'*  The  main  cause  of  the  decrease  is  the  increased  demand,  leading 
to  the  destruction  of  the  sexually  mature  adults ;  an  increased  demand 
which  has  not  been  met  by  a  corresponding  increase  in  the  supply. 
The  demand  has  been  stimulated  by  the  gastronomic  devices,  but  the 
source  of  supply  has  received  little  popular  attention  beyond  the  short- 
sighted policy  of  catching  as  many  lobsters  as  possible. 

"^Ultimately  man  must  assume  the  same  relations  to  the  lobster 
and  fishing  industries  as  has  come  about  with  domesticated  animals 
and  plants.  Thus  far  no  satisfactory  method  has  been  devised  for 
domesticating  and  propagating  the  lobster;  the  necessity  for  it  is  only 
beginning  to  be  urgent.  The  method  of  life,  the  seasonal  immigra- 
tions from  deep  to  shallow  water,  the  slow  rate  of  development  and 
growth,  and,  above  all,  the  combativeness  and  cannibalism  of  the  old 
and  young,  all  unite  to  make  the  problem  of  artificial  cultivation  diffi- 
cult to  handle,  though  by  no  means  hopeless  in  the  present  state  of 
our  knowledge.  The  great  need  is  for  study,  correlation,  and  inter- 
pretation upon  methods  of  rearing  the  young  and  of  catching  lobsters 
of  the  size  best  adapted  for  the  market,  with  special  reference  to 
maintaining  and  increasing  the  supply." 

The  thanks  of  the  Society  were  most  heartily  extended  to 
Dr.  Field  for  his  able  paper. 


Boston,   April  25,  1901. 

The  553d  regular  meeting  of  the  Society  of  Arts  was  held  on 
this  day  at  8  p.m..  Room  11,  Rogers  Building,  Professor  Peabody 
presiding.     One   hundred  persons  were   present. 

The  report  of  previous  meeting  was  approved.  The  Chairman 
appointed  Mr.   Leach,  Dr.  Walker,  and  Professors  Peabody,  Bartlett, 
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and  Laws  to  serve  on  a  committee  to  nominate  the  Executive  Com- 
mittee for  the  year  1901-1902.  Messrs.  William  A.  Hovey  and 
W.  O.  Sawtelle  were  elected  to  Associate   Membership. 

Professor  J.  E.  Denton,  Stevens  Institute  of  Technology,  gave  a 
very  instructive  address  on  "Principles  of  Action  of  Various  Types 
of  Refrigerating  Machines." 


Boston,  May  16,  1901. 

The  39th  Annual  Meeting  (the  554th  regular  meeting)  of  the 
Society  of  Arts  was  held  at  the  Institute  on  this  day  at  8  p.m.,  with 
President  Pritchett  in  the  chair.     Fifty-six  persons  were  present. 

The  records  of  the  previous  meeting  were  read  and  approved. 
The  Secretary  read  the  Annual  Report  of  the  Executive  Committee. 
It  was  voted  that  the  report  be  accepted  and  placed  on  file. 

ANNUAL   report  OF  THE  EXECUTIVE  COMMITTEE. 

The  first  meeting  of  the  Society  op  Arts  for  the  present  year  was  held  on  October  11, 
1900.  Fourteen  meetiiigH  have  been  held,  the  average  attendance  being  143.  This  shows  a 
considerable  gain  over  last  year. 

The  following  papers  have  been  read : 

*•  Color  Photography, ••  by  Professor  Louis  Dcrr. 

"Some  Experiments  in  Architectural  Acoustics,"  by  Professor  Wallace  C.  Sabine. 

**  America's  Contribution  to  Our  Knowledge  of  the  Size  and  Figure  of  the  Earth,"  by 
Dr.  Henry  S.  Pritchett,  President  of  the  Institute  of  Technology. 

"  Applied  Science  in  the  Textile  World,"  by  Professor  W.  W.  Crosby. 

*'  Landscape  Architecture  in  This  Country,"  by  Mr.  Guy  Lowell. 
Shipment  of  Freights  to  Europe,"  by  Mr.  William  H.  Lincoln. 
Photography  with  the  Great  Visual  Telescope  of  the  Verkes  Observatory,"  by  Pro- 
fessor George  E.  Hale. 

"The  Designing  of  the  Buffalo  Exposition,"  by  Mr.  Robert  S.  Peabody. 

"  A  Forest  Policy  for  the  United  States,"  by  Mr.  Gifford  Pmchot. 

"  The  Use  of  the  Microscope  in  the  Study  of  the  Chemical  Constitution  and  Phjrsical 
Properties  of  Metals,"  by  Dr.  Henry  Fay. 

"  Electrical  Wave- Transmission,"  by  Professor  M.  I.  Pupin. 

**The  Increase  of  the  Food  Supply  of  Mankind  through  the  Cultivation  of  Marine 
Animals:  a  Problem  in  Economic  Zoology,"  by  Dr.  George  W.  Field. 

**  Principles  of  Action  of  Various  Types  of  Refrigerating  Machines,"  by  Professor  J.  E. 
Denton. 

"Cotton  from  Seed  to  Bale,"  by  Mr.  Henry  G.  Kittredge. 

At  the  beginning  of  the  year  the  Associate  Membership  was  339.  Of  this  number  one 
has  died,  nine  resigned;  twenty- five  have,  however,  been  elected,  making  the  present 
membership  354. 

During  the  year  the  Society  has  suffered  the  loss  of  one  of  its  oldest  members, 
Mr.  Thomas  Gaffield,  who  served  on  the  Executive  Committee  from  1879  to  1883.  Mr. 
Gaffield's  interests  were  not  confined  to  the  welfare  of  the  Society  of  Arts  alone,  but  also 


(I 

c« 


i6o  Proceedings  of  the  Society  of  Arts, 

to  the  Institute,  as  evinced  by  his  gift  of  books,  specimens  of  glass  and  minerals  to  the 
Departments  of  Geology  and  Chemistry.  At  the  time  of  his  death  he  was  a  member  of 
the  Corporation  of  the  Institute. 

No  change  has  occurred  in  the  management  of  the  Technology  Quarterly.  Since 
the  last  Ai^ntial  Report  twenty- five  articles  have  been  published.  Probably  the  most  notable 
of  these  is  one  on  the  "  Eclipse  Expedition  of  the  Massachusetts  Institute  of  Technology  to 
Washington,  Georgia,  under  the  direction  of  Professor  Alfred  E.  Burton."  Illustrating  this 
article  is  an  excellent  photogravure  reproduction  of  one  of  the  best  photographs  of  the  sun's 
corona  that  has  ever  been  taken.  This  article  has  been  followed  by  one  from  the  Rev.  Pro- 
fessor William  F.  Rigge,  S.  J.,  who  also  observed  the  eclipse  at  Washington,  Georgia,  being 
in  charge  of  a  party  from  Creighton  University,  Nebraska.  In  this  paper  Professor  Rigge 
makes  an  interesting  comparison  between  his  results  and  those  obtained  by  the  party  from 
the  Institute,  all  of  which  redounds  to  the  credit  of  both  parties.  Professor  W.  O.  Crosby 
has  contributed  two  articles  giving  the  results  of  his  explorations  of  the  sites  of  proposed 
water  supplies  for  New  York  and  Brooklyn.  A  gratifying  instance  of  the  loyalty  of  our 
alumni  is  furnished  by  the  frequency  of  the  contributions  of  two  graduates  of  the  Institute, 
Messrs.  George  C.  Whipple  and  Daniel  D.  Jackson.  They  are  actively  engaged  in  investi- 
gation of  problems  connected  with  the  biology  and  physical  characters  of  the  water  supplied 
to  towns,  and  have  contributed  four  articles  on  different  branches  of  this  subject  Among 
other  articles  from  the  Physical  Department  are  a  series  of  tests,  made  by  Professor  Norton, 
OB  Fire  Retardent  Materials,  and  a  series  oo  Diffusing  Glass  of  various  kinds  used  in 
windows;  and  from  Mr.  William  Lincoln  Smith  an  extensive  series  of  tests  of  Certain 
Shades  and  Glob<^s  for  Electric  Lights  as  used  in  Interior  lUamination.  From  the  Mechan- 
ical Engineering  Department  the  usual  annual  contribution  of  Tests  Made  in  the  Engineer- 
ing Laboratories  was  published  in  the  September  issue.  Piofessor  Fay  and  Mr.  BadUum 
contributed  an  important  article  on  the  *'  Effect  of  Annealing  upon  the  Physical  Properties 
and  the  Microstructure  of  a  Low  Carbon  Steel ;  *'  and  the  "  Review  of  American  Chemical 
Research,"  contributed  by  a  number  of  members  of  the  Chemical  Department,  has  appeared 
regularly  in  each  issue.  Beginning  with  the  current  volume,  a  change  has  been  made  in  the 
paper  used  in  printing  the  Quarterly,  and  it  is  hoped  that  some  saving  of  expense  win 

result. 

Respectfully  submitted, 

(Signed)    George  W.  Blodgbtt. 

Edmund  H.  Hewins. 

Charles  T.  Main. 

jAkES   P.    MUNROE. 

The  Secretary  read  a  communication  from  the  Committee  on 
Nominations,  in  which  the  following  gentlemen  were  named  as  candi- 
dates for  the  Executive  Committee  for  the  year  1 901-1902  :  George 
W.  Blodgett,  Desmond  FitzGerald,  Edmund  H.  Hewins,  Charles  T. 
Main,  James  P.  Munroe.  Mr.  Blodgett  announced  that  the  Executive 
Committee  had  nominated  George  V.  Wendell  to  be  candidate  for  the 
office  of  Secretary. 

A  ballot  having  been  taken,  the  Chairman  announced  the  election 
of  the  above-named  candidates. 

Mr.  Henry  G.  Kittredge,  Industrial  Editor  of  the  New  York  Com- 
mercial, was  introduced  and  gave  an  illustrated  lecture  on  "  Cotton 
from  Seed  to  Bale." 
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"Thus  far  the  Southern  States  of  the  United  States  have  shown 
themselves  to  be  the  most  extensive  region  and  the  best  adapted  for 
the  growth  of  cotton  of  any  in  the  world.  No  country  has  such  an 
excellent  river  system  and  climate  for  the  growth  of  this  staple  in  its 
highest  state  of  perfection.  The  cotton  area  of  the  Southern  States 
is  about  400,000  square  miles,  or  about  250,000,000  acres,  of  which 
about  25,000,000  acres  are  now  devoted  to  the  cotton  plant.  This  is 
at  the  rate  of  one  acre  in  every  ten.  Rather  than  to  increase  this 
acreage,  it  would  seemingly  be  better  to  intensify  the  culture  of 
cotton  by  means  of  fertilizers  for  a  larger  yield.  The  meteorological 
conditions  of  the  South  must  be  taken  as  the  standard  for  the  world 
for  the  cultivation  of  cotton.  The  average  temperature  of  the  South- 
ern States  during  the  cotton-growing  season  is  about  75°,  while  the 
relative  humidity  during  this  period  ranges  from  65°  to  80**,  and 
the  rainfall  amounts  to  48  to  50  inches  in  the  course  of  the  year, 
with  the  dryest  period  during  the  growth  of  the  plant.  In  order  to 
secure  the  best  results  for  length  of  staple,  fineness  of  fibre  and  yield, 
great  care  must  be  taken  in  the  proper  selection  of  seed  for  planting 
and  great  care  exercised  in  cultivation.  More  attention  is  given  to 
the  selection  of  seed  in  the  planting  of  sea-island  than  in  the  upland 
varieties  of  cotton,  though  increased  attention  has  been  given  to  the 
latter  in  recent  years.  The  system  of  cultivation  varies  in  different 
parts  of  the  South,  depending  upon  the  character  of  the  soil  and 
drainage.  Among  the  diseases  that  affect  the  plant  none  has  shown 
so  much  obstinacy  as  that  known  as  the  *wilt.'  This  disease  is  not 
thoroughly  understood,  and  no  universal  remedy  is  known  for  its  com- 
plete eradication.  It  would  seem  to  arise  from  the  soil,  where  it 
lingers  for  a  number  of  years.  Hybridization  is  important  in  bring- 
ing cotton  to  a  proper  standard,  which,  after  being  attained,  can  be 
held  only  by  careful  selection  of  the  seed  for  propagation." 

The  thanks  of  the  Society  were  most  heartily  given  to  Mr.  Kitt- 
redge  for  his  instructive  address. 

George  V.  Wendell,  Secretary. 
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GEOLOGICAL  HISTORY  OF  THE  HEMATITE  IRON  ORES 
OF  THE  ANTWERP  AND  FOWLER  BELT  IN  NEW 
YORK. 

By  W.  O.  CROSBY. 

* 

The  occurrence  in  specimens  of   the  massive  red  hematite  from 
the  old  Sterling  iron  mine  near  Antwerp,  in  Jefferson  County,  New 
York,  of  more  or  less  pyrite  and  possibly  pyrrhotite,  in  addition  to 
the   well-known    pockets   lined   with   crystallized   siderite,  chalcodite, 
specular   hematite,  and    quartz,  and  further  adorned  by  the  brilliant 
golden  needles  of  millerite  for  which  this  mine  is  famous,  long  ago 
suggested  to  me,  as,  perhaps,  to  others,  that  the  hematite  has  had  its 
origin  in  the  differential  oxidation  of  slightly  nickeliferous  iron  sul- 
phides, the  nickel  having  remained  in  combination  with  the  sulphur 
and  recrystallized  as  millerite.     But  when  in    the    summer   of    1895 
I    visited   the   Sterling  Mine,  in    company  with    Captain    Hodge,  an 
intelligent  resident  of   Antwerp  and    for  many  years,  superintendent 
of   the  mine,  and   a  party  of  students,  I  was  surprised,  not    having 
previously  read  up  on  the  geology  of  the  mine,  to  find  that  the  ore 
occurs  in,  and  in  intimate  association  with,  a  massive,  soft,  greenish- 
black,  chloritic-looking   rock,  which    is   divided   in  all    directions   by 
slickensides   and   appears   to    be   a  highly   altered  (chloritized)  trap. 
This  rock   was    called    serpentine  by    Ebenezer    Emmons.^     In    part 
it  bears  some  resemblance  to  serpentine,  but  in  general  the  aspect 
is  chloritic  rather  than   serpentinic.     Being  fresh  from  the  study  of 
the  deposits  of  nickeliferous  pyrrhotite  and  chalcopyrite  in  the  dio- 
ritic  rocks  of  the  Sudbury  district  in  Ontario,  and  of  the  Gap  Mine 
in    Lancaster   County,  Pennsylvania,   which   had   been    quite   clearly 
shown  by  Kemp  and  others  to  be  products  of  magmatic  differentia- 
tion, I  at  once  adopted  this  as  a  provisional  explanation,  or  working 
hypothesis,  for  the  deposits  of  the  Sterling  Mine,  and  probably  of  the 
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other  mines  of  the  Antwerp-Fowler  belt,  Captain  Hodge  having 
assured  me  that  the  geological  conditions  were  similar  throughout 
this   linear  series  of  deposits. 

At  the  time  of  my  visit,  all  of  these  mines  had  been  closed  for 
some  time,  probably  never  to  be  reopened ;  but  my  observations  on 
the  surface,  including  the  dumps,  supplemented  by  such  information 
concerning  the  underground  conditions  as  the  superintendent  could 
give  me,  led  mc  to  the  conclusion  :  that  the  ore-body  of  the  Sterling 
Mine  is  in  a  dik^,  50  feet  or  more  in  width,  of  some  highly  altered 
basic  rock,  possibly  diabase ;  that  the  ore  was  originally  a  magmatic 
segregation  of  this  rock,  chiefly  in  the  form  of  sulphides,  which  have 
subsequently  suffered  more  or  less  complete  oxidation  to  a  consider- 
able depth,  the  ore  being  now,  virtually,  a  gossan ;  and  that  this 
dike  is,  probably,  continuous  for  the  entire  length  of  the  belt  of 
mines,  although  absolute  continuity  is  by  no  means  essential  to  the 
hypothesis. 

The  trend  of  the  ore-belt  and  the  hypothetical  dike  is  approxi- 
mately northeast  from  the  vicinity  of  Antwerp,  closely  following  the 
valley  of  a  tributary  of  the  Oswegatchie  River.  At  the  Sterling 
Mine,  two  and  one-half  miles  from  Antwerp,  the  southeast  side  of  the 
valley  is  gneissoid  granite,  and  the  northwest  side  is  Archaean  lime- 
stone. The  granite  is  of  a  distinctly  acid  type,  of  a  light  gray  color 
and  medium  texture,  rich  in  quartz  and  decidedly  poor  in  ferro- 
magnesian  minerals  —  chiefly  biotite ;  but  with  slight  pegmatitic 
developments  of  only  moderate  coarseness.  The  granite  appears  to 
form  the  southeast  wall  of  the  dike,  and  the  limestone,  in  a  general 
way,  the  northwest  wall,  except  that  in  the  immediate  vicinity  of  the 
mine  the  dike  is,  superficially,  bordered  on  the  northwest  side  by  an 
outlier,  probably  of  no  great  thickness,  of  the  Potsdam  sandstone. 
The  descriptions  of  the  mines  by  Putnam,  in  the  Tenth  Census  Report 
(Vol.  XV,  pp.  141 -144),  indicate  that  the  sandstone  is  a  fairly  con- 
stant feature  of  the  deposits,  occurring  also  at  the  Shirtleff  Mine  in 
the  town  of  Philadelphia,  which  is  not  in  the  trend  of  the  Antwerp- 
Fowler  belt,  and  probably  represents  a  distinct  dike  or  occurrence 
of  the  chloritic  rock  and  its  associated  ore.  In  most  cases,  however, 
the  san^^stone,  which  is  still  approximately  horizontal,  is  described  as 
covering  the  chloritic  rock  and  ore  more  or  less  completely,  suggest- 
ing that  this  basic  igneous  rock  may  antedate  the  sandstone,  which 
was   spread   by  the    Potsdam   sea  across  its  outcrop;   and   certainly 
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the  extreme  alteration  of  the  chloritic  rock  is  indicative  of  a  high 
antiquity.  But,  on  the  other  hand,  I  have  observed  nothing  in  the 
composition  of  the  sandstone  as  develojjed  at  the  Sterling  Mine 
confirmatory  of  the  view  that  it  was  deposited  over  the  ore-bearing 
formation.  It  is  equally  true,  however,  that  it  contains  little  or  no 
identifiable  detritus  from  the  Archaean  granite,  for  it  is  the  clean, 
white,  quartzose  sandstone  of  fine  and  even  texture  so  characteristic 
of  the  base  of  the  Potsdam  ;  and  its  composition  harmonizes  readily 
with  the  hypothesis  that  it  is  the  newest  rock  in  the  section,  as 
indicated  by  its  horizontal  attitude,  if  we  accept  'the  view  developed 
in  my  study  of  the  Archaean-Cambrian  contact  in  Colorado,^  that  the 
transgression  of  the  Potsdam  sea  over  this  area  was  so  slow  and 
gradual  that  erosion  had  time  to  accomplish  its  perfect  work,  base- 
lev^eling  the  surface  and  reducing  all  detritus  to  the  two  final  terms  — 
fine  quartz  sand  and  clay.  Under  these  conditions  sediments  will 
rarely  reflect  in  any  reliable  manner  the  mineralogical  character  of 
formations  which  they  cover  unconformably. 

Unquestionably,  the  interest  of  the  geology  of  the  Antwerp-Fowler 
mines  centres  in  the  nature  and  origin  of  the  chloritic  rock  and  its 
true  relations  to  the  ores.  On  returning  to  Boston  with  my  collec- 
tion, I  found  that  in  the  previous  year  (1894)  Professor  C.  H.  Smyth  ^ 
had  expressed  the  opinion,  based  upon  microscopic  and  chemical 
examinations,  that  the-  chloritic  rock  is  a  highly  altered  phase  of 
the  granite.  The  fact  upon  which  he  especially  relies  is  the  occur- 
rence in  the  chloritic  rock  of  glassy  grains  and  masses  of  quartz, 
which  are  regarded  as  residual.  His  analysis  of  a  specimen  free 
from  visible  quartz  shows  :  Si02,  30  per  cent.  ;  MgO,  1 1  per  cent.  ; 
FeO,  27  per  cent.;  and  HjO,  12  per  cent.;  the  remaining  20  per 
cent,  being,  presumably,  chiefly  AlgOg.  This  is  approximately  the 
composition  of  prochlorit^,  and  indicates  an  ultra-basic  rock ;  while 
the  granite,  as  represented  by  my  specimens,  is  rich  in  quartz  and 
poor  in  ferro-magnesian  constituents,  and  certainly  contains  as  much 
as  70,  if  not  75,  per  cent,  of  silica. 

The  general  aspect  of  the  rock  is  precisely  that  of  many  highly 
chloritized  traps  in  the  vicinity  of  Boston  ;  and  this  resemblance  is 
heightened   by  the  slickensides,  by  which  it   is  minutely  and  almost 
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indefinitely  subdivided  (Figure  i).  These  testify  to  differential  move- 
ment throughout  the  mass,  and  can  have,  apparently,  but  one  explana- 
tion—  expaneion  due  to  chloritization  and  hydration.  It  is  manifestly 
impossible  to  find  in  this  light-colored,  acid  granite  more  than  a  small 
fraction  of  the  magnesia  and  ferrous  oxide  shown  by  Professor  Smyth's 
analysis  of  the  chloritic  rock.  They  are  clearly  not  chiefly  residual 
constituents  of   the  granite ;   and  if  his  hypothesis  stands,  the  main 


Fig.  I.  —  A  fragmeni  o£  i be  chloritic  rock,  ahowinB  si icken sides.      Two-thirds  natural  size. 

part  of  each  must  be  imported.  The  only  alternative  is  to  suppose 
that  the  silica  and  alumina  have  suffered  a  highly  improbable  diminu- 
tion, in  which  case  the  expansion  of  the  rock  essential  to  the  expla- 
nation of  the  siickensides  would  be  unexplained.  But  where  can  we 
find  an  adequate  external  source  of  the  MgO  and  FeO  ?  Professor 
Smyth  suggests  the  Archaean  limestone  and  the  action  upon  it  of 
solutions  derived  from  the  oxidation  of  some  near-by  deposit  of  pyrite. 
But  no  sulphides  are  known  in  the  vicinity,  except  those  intimately 
associated  with  the  hematite  in  the  chloritic  rock ;  and  it  is  not 
apparent  by  what  reactions  the  magnesia  of  the  limestone,  existing. 
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probably,  largely  in  the  form  of  insoluble  silicates,  is  to  replace  the 
acid  aluminous  silicates .  of  the  granite,  reducing  the  silica  by  fully 
40  per  cent.  Professor  Smyth  seems,  further,  to  regard  the  ore  as 
a  replacement  of  limestone,  although  so  intimately  associated  with 
and  enclosed  in  the  massive  chloritic  rock,  which  is  interpreted  as 
an  altered  phase  of  the  granite.     The  masses  of  crystalline  calcite  in 


Fig.  2.  —  A  fragment  of  the  chloritic  rock  showing,  diagrammatically,  stretched  and  dis- 
located veinlets  of  quartz.     One-third  natural  size. 

the  ore  are  certainly  suggestive  of  inclusions  of  limestone ;  but  it 
is  important  to  remember  that  calcite  is  an  exceedingly  common 
secondary  mineral  of  the  basic  eruptives,  as  witness  the  crystalline 
calcites  of  the  cupriferous  melaphyrs  of   Keweenaw  Point. 

Apparently,  the  chemical  difficulties  of   Professor  Smyth's  thesis 
are  insuperable ;    but  we  turn  now  to  the  consideration  of  his  main 

argument  —  the  disseminated 
grains  of  quartz  in  the  chloritic 
rock.  To  begin  with,  the  free 
silica  or  quartz  appears  to  be 
wholly  or  almost  wholly  want- 
ing in  a  considerable  portion 
of  the  chloritic  rock ;  and  it 
is  probably  this  material  that 
is  represented  by  Professor 
Smyth's  analysis.     A  consider- 

FiG.3.-Another  fragment  of  the  chloritic    ^^le    part    of    the    quartZ,    also, 
rock 8howing,diagrammatically,  angular  inclusions 
of  quartz,  the  most  of  which,  at  least,  are  proba-    OCCUrS,    or   haS    OCCUrred,  m    the 

bly  due  to  the  comminution  of  quartz  veinlets.    form    of   veinlets,    varying    from 

One-half  natural  size.  ^   Yxh^   ^^    possibly    an    inch    or 

SO  in  width.  Although  undoubtedly  secondary  features  of  the 
rock,  the  veinlets  clearly  antedate  the  final  or  complete  alteration  ; 
and  especially  do  they  antedate  a  large  part  of  the  hydration,  expan- 
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sion,  and  consequent  slickensiding  of  the  mass,  for  they  have  been 
very  extensively  broken,  dislocated,  and  even  granulated  by  this 
differential  movement.  The  chloritization  or  greenstone  alteration  of 
a  trap,  it  is  well  known,  involves  the  liberation  of  a  large  amount 
of  silica,  which  commonly  takes  the  form  of  veinlets  in  the  rock,  and 
then  during  the  later  stages  of  the  alteration  the  veinlets  may  be 
broken  and  disarranged.  How  complete  the  destruction  may  be  is 
well  shown  by  Figures  2  and  3,  drawn  from  specimens  collected  on 
the  dump  of  the  Sterling  Mine.  The  inclyded  areas  are  wholly  glassy 
quartz ;  but  a  part  of  that  shown  in  Figure  3  may  not  be  vein  quartz, 
although  the  main  part  of  it  certainly  is,  as  indicated  by  the  large  size 
and  distinctly  fragmental  forms  of  the  masses.  In  no  instance  does 
the  chloritic  rock  itself,  apart  from  the  included  quartz,  appear  t.o  have 
been  crushed  or  brecciated  ;  but  the  slickensides  suggest,  rather,  a 
differential  flowing  which  has  brecciated  the  unyielding  quartz  vein- 
lets.  It  is  easy  to  see,  in  the  light  of  these  examples,  that  with 
slender  veinlets,  at  least,  a  complete  and  seemingly  original  granu- 
lation  of  the  quartz  might  result.  Again,  the  secondary  silica  in 
a  case  of  this  kind  does  not  necessarily  assume  wholly  the  form  of 
veinlets,  but  it  may  have  been  developed  in  part  as  amygdules- 
or  pseudo-amygdules,  or  as  irregular  segregations  and  replacements^ 
Certain  it  is  that  a  trap  rock  is,  during  the  process  of  chloritiza- 
tion, a  prolific  source  of  free  silica,  which  is  unlikely  in  the  case 
of  a  large  dike  to  escape  wholly,  even  into  cracks  in  the  rock  itself, 
crystallizing  in  part  in  interstitial  or  disseminated  forms. 

I  have  not  observed  the  masses  described  by  Professor  Smyth  as 
showing  gradation  from  the  granite  into  the  chloritic  rock  or  green- 
stone ;  but  not  having  read  his  paper  before  visiting  the  locality,  I  may 
have  overlooked  them.  I  venture  the  suggestion,  however,  that  they 
may  be  inclusions  of  the  granite  in  the  basic  dike,  which  have  natu- 
rally shared  the  alteration  of  the  latter  and  are  by  simple  contact 
more  or  less  stained  or  impregnated  by  the  chloritic  material.  Of 
course,  this  might  happen  to  the  unbroken  granite  wall  of  the  dike 
as  well  as  to  inclusions.  As  showing  that  granitic  inclusions  are  not 
wholly  wanting,  I  may  add  that  my  collection  from  the  Sterling  Mine 
contains  a  mass  of  a  distinctly  pegmatitic  character,  in  which  coarsely 
crystalline  mica  is  a  prominent  feature,  which  I  broke  out  of  the  soft, 
dark-green,  chloritic  rock.  It  does  not,  however,  show  any  important 
alteration,  even  the  mica  being  still  essentially  intact.     The  sandstone 
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on  the  opposite  side  of  the  dike,  although  of  a  distinctly  permeable 
character,  does  not,  so  far  as  I  have  observed,  show  any  appreciable 
chloritic  impregnation,  notwithstanding  the  fact  that  it  is  at  some 
points  very  deeply  stained  or  impregnated,  but  not  replaced,  by  the 
hematite. 

As  additional  evidence  that  the  quartz  in  the  greenstone  may  be 
secondary  rather  than  residuary  may  be  mentioned  the  crystalline 
quartz  occurring  with  the    siderite,  chalcodite,  milierite,   etc.,  in  the 


pockets  of  the  hematite;  and  the  fact,  well  attested  by  specimens  in 
my  collection,  that  the  greenstone  has  been  metasomatically  replaced 
by  quartz  on  a  considerable  scale.  One  specimen  shows  the  complete 
replacement  of  an  angular  joint-block  of  the  greenstone  nearly  a  foot 
long  and  half  as  thick,  forming  a  sharply  angular  quartz  geode  of 
these  dimensions  (Figure  4).  Even  granting  that  the  granular  quartz 
is  partly  or  wholly  residuary  does  not  prove  the  derivation  of  this 
ultra-basic  rock  from  the  granite,  for  the  original  basic  rock  of 
this  dike  may  very  well  have  been  quartziferous,  a  quartz-diorite,  or 
possibly  a  quartz-gabbro.  The  original  rock,  white  quite  certainly 
not  so  acid  as  the  granite,  was  not  necessarily  highly  basic;  and  the 


Hetnatite  Iron  Ores.  169    . 

magmatic  segregation  of  sulphides  is  by  no  means  confined  to  rocks 
exceptionally  low  in  silica ;  but  it  is  fairly  common  in  rocks  of 
neutral  or  sub-acid  character,  and  even,  as  in  the  case  of  some  of  the 
ore-bearing  dioritic  rocks  of  the  Sudbury  district,  in  those  containing 
free  quartz. 

In  view  of  all  these  considerations,  it  appears  to  me  most  probable 
that  the  chloritic  rock  or  greenstone  is  a  highly '  altered,  basic  erup- 
tive ;  although  I  recognize  that  sohie  facts  point  to  its  derivation 
from  the  granite,  and  especially  that  the  disseminated  granular  quartz 
would  find  thus  its  readiest  explanation.  Again,  a  basic  dike  six 
miles  or  more  in  length  appears  far  more  probable  than  a  sharply  , 
defined  and  apparently  persistent  zone  of  granite  showing  such  a 
radical  and  unusual  transformation  as  the  alternative  hypothesis  calls 
for,  especially  as  such  a  zone  of  alteration,  while  unique,  and  on 
chemical  lines,  at  least,  highly  improbable  for  the  granite,  is  entirely 
normal  for  the  dike.  In  other  words,  if  the  basic  dike  be  granted, 
the  development  of  the  sulphides  in  it  by  magmatic  segregation,  the 
chloritization  of  the  silicates  while  still  at  a  great  depth,  and  the  sub- 
sequent development  of  the  iron  ore  by  the  differential  oxidation  of 
the  sulphides,  appear  as  entirely  normal  incidents  of  its  history. 

I  may  add  to  this  that  some  of  my  specimens  from  the  Sterling 
Mine  show  sulphides,  still  unoxidized,  disseminated  in  the  slickensided 
chloritic  rock  precisely  as  in  the  diorite  of  the  Sudbury  mines  and  of 
the  Gap  Mine  ;  and  in  this  connection  it  is  interesting  to  note  further, 
that,  according  to  Brooks  ^  and  several  of  the  sections  given  by  Emmons, 
the  normal  position  of  the  iron  ore  is,  more  or  less  distinctly,  periph- 
eral with  reference  to  the  chloritic  rock,  thus  paralleling  another 
important  feature  of  the  deposits  having  their  origin  in  magmatic 
segregation. 

Since  writing  this  paper,  I  have  had  an  opportunity  to  study  some 
of  the  auriferous  veins  of  the  new  Michipicoten  District  of  Ontario ; 
and  I  was  specially  interested  in  an  occurrence  on  the  southeast  side 
of   Lake  Wawa,  where,  during  the  alteration  of  a   basic   dike,   the 
I  resulting  chloritic  matter  has  impregnated  and  saturated  the  border- 

ing acid  granite  to  such  a  degree  that  the  latter  rock  is  completely 
disguised,  the  granite  falling  under  the  hammer  into  thin,  angular 
fragments,  which  are  completely  coated  with  the  shining,  black, 
chloritic   glaze,    and    being    easily   mistaken   for   a   chloritized   trap. 

*  Am.  Jour.  Sci.,  3d  series,  Vol.  IV.,  pp.  22-26. 
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Closer  examination  shows,  however,  that  the  original  minerals  of 
the  granite  are  but  little  altered ;  and  that  it  is  essentially  a  case 
of  the  saturation  of  a  rock  along  joints  and  rifts  by  the  secondary 
mineral  of  a  neighboring  rock.  This  appears  to  throw  some  light 
upon  the  problem  of  the  quartzose  chloritic  rock  of  the  Antwerp- 
Fowler  iron  mines,  and  at  least  suggests  the  possibility  that  the 
quartzose  portions  of  this  matrix  of  the  iron  ore  may  be,  after  all, 
a  phase  of  the  granite.  But  the  basic  dike  is  still  required  as  a 
source,  alike  of  the  impregnating  chloritic  matter  and  of  the  metallic 
contents  of  the  formation. 


Older  Crystalline 

Formations. 
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<^^  Cong^lomerate. 

Pelslte  and  Melaphyre. 


1 1.  —  GaouMiCAL  Map  op  tmb  Charlbs  Ritbr  Basin  and  Vicinity.    Scale,  i  :  150,000. 
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One  of  the  most  interesting  streams  of  Massachusetts  is  the 
Charles  River,  the  basin  of  which  occupies  a  large -part  of  Suffolk 
County,  the  western  and  northwestern  portions  of  Norfolk,  a  small 
portion  of  Worcester,  and  a  strip  along  the  southeastern  part  of 
Middlesex  County,  and  includes  the  whole  or  considerable  portions  of 
twenty-eight  cities  and  towns. 

This  river  is  of  the  utmost  importance  to  the  inhabitants  of  east- 
ern Massachusetts.  From  its  source,  in  the  town  of  Hopkinton,  to 
its  mouth,  in  Boston  Bay,  it  has  a  total  length,  following  the  meander- 
ings,  of  sixty-nine  miles,  and  its  drainage  area  is  about  290  square 
miles.  Distributed  along  the  river  are  twenty-six  artificial  dams, 
aggregating  in  height  202  feet,  which  serve  as  water  power  for 
numerous  factories  and  mills  ;  and  one  of  the  dams,  in  Hopkinton, 
retains  the  water  supply  of  the  town  of  Milford.  Five  other  towns  — 
Newton,  Brookline,  Waltham,  Wellesley,  and  Watertown — obtain 
their  water  supply  in  whole  or  in  part  from  filter  galleries  in  connec- 
tion with  the  river.  The  tidal  portion  of  the  stream  is  navigable  for 
several  miles  above  its  mouth,  enabling  easy  communication  with  sev- 
eral important  manufacturing  and  other  establishments.  Picturesque 
portions,  such  as  Hemlock  Gorge,  and  also  stretches  lower  down  on 
the  river,  are  held  by  the  Commonwealth  as  public  parks.  And  it  is 
proposed  by  the  Metropolitan  Park  Commission  to  improve  long 
stretches  of  the  banks  between  Dedham  and  Boston  for  the  public 
benefit.  The  tidal  portion  of  the  river,  between  Boston  and  Water- 
town,  furnishes  an  exceptional  opportunity,  by  constructing  a  dam 
at  the  proper  place,  for  forming  a  water  park  which  would  be  a  very 
valuable   addition  to  Boston's  park  system.     I  feel  that  the  present 
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discussion  of  the  history  of  the  river  is  especially  timely  on  account 
of  the  recent  agitation  to  secure  legislation  for  such  a  park. 

It  is  impossible  to  look  at  the  Charles  River  as  represented  on 
the  map  (Plate  i)  without  noticing  its  extremely  circuitous  course. 
Rising  in  the  town  of  Hopkinton,  it  flows  for  the  first  few  miles 
almost  directly  south.  But  at  Bellingham  it  bends  abruptly  to  the 
east,  and  then  to  the  north,  taking  a  retrograde  course  as  far  as  West 
Medway.  From  this  point  it  runs  east  as  far  as  Rockville,  north  and 
then  northeast  to  Sherborn.  Taking  a  northerly  course  to  South 
Natick,  it  there  turns  to  the  east,  as  if  to  make  a  short  cut  to  the 
sea;  but  at  Dedham  it  bends  sharply  backward,  and  flows  directly 
away  from  the  sea  as  far  as  Newton  Lower  Falls,  from  which  point 
it  runs  north  to  Waltham,  and  then  east  to  its  mouth  in  Boston  Bay. 
Instead  of  having  a  length  of  twenty-five  miles,  as  it  would  if  it  ran 
northeast  from  its  source  straight  to  Boston  Bay,  the  river  flows 
nearly  three  times  that  distance.  Its  transverse  meanderings  cover 
a  northwest-southeast  distance  of  eleven  miles. 

In  conducting  the  studies  represented  in  this  discussion,  the  prin- 
cipal purposes  kept  in  mind  have  been  the  following : 

First. —  To  give  as  complete  a  history  of  the  life  of  the  river  as 
possible. 

Second. —  To  explain  why  the  river  fojlows  its  present  devious 
course  rather  than  a  more  direct  one.  For  instance,  why  does  it 
bend  north  at  Bellingham,  instead  of  continuing  southward  to  Narra- 
gansett  Bay,  the  shortest  course  to  the  sea }  Why,  when  it  has  fol- 
lowed a  northeasterly  course  for  a  dozen  miles,  does  it  bend  suddenly 
to  the  northwest,  instead  of  continuing  across  Medfield  to  Boston 
Bay }  Why  does  it  not  follow  a  direct  course  across  Wellesley  to 
Riverside,  a  distance  of  three  and  a  half  miles,  rather  than  the  actual 
course  of  seventeen  miles  by  way  of  Dedham }  Again,  upon  reaching 
Dedham,  why  does  it  not  flow  straight  to  Boston  Bay,  instead  of  bend- 
ing back  towards  Newton } 

Third. —  To  trace  the  past  courses  of  the  river  and  the  causes  of 
the  various  stages  in  its  development. 

Fourth. —  To  explain  the  relations  of  the  river  and  its  system  to 
the  geological  structure  of  the  region,  and  to  determine  the  causes, 
for  such  relations. 

Fifth. —  To  determine  to  which  of  the  recognized  classes  of  rivers, 
the  Charles  belongs. 
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The  work  undertaken  in  following  out  these  designs  has  been 
mostly  done  on  foot  in  the  field ;  but  besides,  I  have  endeavored  to 
gain  access  to  all  recorded  information  bearing  on  the  subject,  and 
I  take  pleasure  in  acknowledging  my  indebtedness  to  those  who  have 
been  of  assistance  to  me  in  obtaining  it :  to  Professor  W.  H.  Niles, 
for  advice  in  various  ways ;  to  Professor  G.  H.  Barton,  for  the  loan 
of  maps ;  and  to  Professor  W.  O.  Crosby,  for  the  use  of  maps  and  for 
much  valuable  information.  For  records  of  bench  marks,  depths  of 
bed-rock  and  elevations,  I  am  indebted  to  the  gentlemen  connected 
with  the  various  state  and  town  boards,  the  Metropolitan  Park  Com- 
mission, the  Harbor  and  Land  Commission,  the  water  boards  of 
Boston,  Waltham,  Newton,  Wellesley,  and  Brookline,  and  the  engi- 
neering department  of  the  New  York,  New  Haven  &  Hartford  Rail- 
road. Messrs.  B.  F.  Smith  &  Brother,  Morton  &  Waugh,  and  E.  A. 
Clarke  have  furnished  valuable  information  concerning  artesian  wells 
in  Boston  and  vicinity.  A  list  of  the  various  works  consulted  will  be 
given  in  the  appended  Bibliography. 

General  Description  of   the  Region. 

• 
The  government  topographical  map  shows  that  along  the  western 

margin  of  the  river  basin  south  of  Ashland  there  extends  a  high  ridge 
of  land  having  an  elevation  of  from  300  to  600  feet,  and  forming  a 
natural  boundary  to  the  basin.  A  second,  less  marked  ridge,  runs  from 
north  to  south  between  Medway  and  Milford,  descending  towards  the 
south  to  the  level  of  the  river.  With  these  two  exceptions,  the  high- 
est hills  in  the  Charles  River  basin  rise  to  elevations  of  between  300 
and  460  feet.  As  Professor  Crosby  has  shown,  the  few  rock  hills  of 
thes,e  heights  in  Eastern  Massachusetts  are  remnants  of  the  Creta- 
ceous peneplain.  Between  them  the  Tertiary  peneplain  is  developed, 
having  an  elevation  of  from  100  to  200  feet ;  and  in  this  less  perfect 
plain  the  valleys  of  the  Charles  and  its  tributaries  have  been  carved. 
The  source  of  the  brook  which  is  considered  the  head  of  the  river 
is  at  an  elevation  of  about  500  feet.  As  is  shown  by  the  profile  on 
Plate  2,  the  descent  in  the  upper  part  of  the  stream  is  very  rapid. 
It  crosses  the  400-foot  contour  but  one  mile,  and  the  300-foot  but 
two  miles,  from  its  source.  The  200-foot  contour  is  crossed  at  Bell- 
ingham,  twelve  miles  from  the  source,  and  the  100-foot  below  Natick, 
about  midway  in  the  length  of  the  river.     Looking  at  the  profile  more 


ru^? 


174  Frederick  G.  Clapp. 

in  detail,  ^several  points  are  noticed  where  the  fall  is  concentrated. 
At  Med  way  there  is  a  descent  of  27  feet  in  a  distance  of  half  a 
mile.  The  descent  at  Newton  Upper  Falls  is  25  feet  in  a  quarter 
of  a  mile,  and  at  Newton  Lower  Falls  22  feet  in  about  the  same 
distance.  Between  these  points  of  rapid  fall  there  are  long  stretches 
where  it  is  very  slight  indeed.  Two  of  these  stretches,  one  between 
Rockville  and  Natick,  and  the  other  between  Charles  River  Village 
and  Newton  Upper  Falls,  are  especially  noticeable. 

A  great  difference  exists  in  the  size  of  the  river  valley  in  its 
different  portions.  In  general,  the  depression  forming  the  main  valley 
is  very  broad,  but  it  will  be  noticed  that  at  several  points,  as  at  Med- 
way  and  at  Sherborn,  the  highlands  follow  both  sides  of  the  river 
closely  for  some  distance.  Especially  important  are  several  prominent 
gaps  in  the  watershed  between  the  Charles  and  adjacent  basins ;  for 
example,  at  Bellingham,  Walpole,  and  Cochituate. 

The  geological  structure  of  the  region  is. shown  in  Plate  i.  It 
will  be  seen  that  the  river  basin  is  located  in  the  vicinity  of  three 
areas  of  sedimentary  rocks,  those  of  the  Boston,  Norfolk,  and  Narra- 
gansett  basins.  These  basins  are  occupie.d  mostly  by  Carboniferous 
strata  —  slates,  sandstones,  conglomerates,  and  lavas -;- which  are  much 
softer  than  the  older  crystalline  formations,  the  granites,  diorites,  and 
fclsites,  which  occupy  most  of  the  remainder  of  the  region.  For  this 
reason  the  Carboniferous  areas  have  been  worn  down,  in  general,  to 
much  lower  levels  than  the  harder,  crystalline  areas  (see  topographical 
map). 

Outline  of  the   Geology  of  the  Region. 

The  following  discussion  will  be  simplified  by  giving  first  a  brief 
outline  of  the  geological  history  of  the  whole  region  since  Mesozoic 
time.  During  the  Cretaceous  period  the  land  stood  at  a  level  several 
hundred  feet  lower  than  at  present,  and  by  long-continued  action  the 
sea  cut  gradually  backward,  forming  the  Cretaceous  peneplain.^  As 
the  encroachment  continued,  sediments  formed  by  marine  erosion 
were  spread  over  the  entire  submarine  surface  of  the  region. 

At  the  close  of  the  Cretaceous  period  an  elevation  of  the  land  took 
place,  raising  the  peneplain  with  its  burden  of  Cretaceous  sediments 


'  W.  O.  Crosby:  Geological  History  of  the  Nashua  Valley  During  the  Tertiary  and 
Quaternary  Periods,  Technology  Quarterly,  Vol.  XII,  No.  4,  p.  289;  Geology  of  the 
Boston   Basin,  Pt.  3,  p.  538,  Occasional  Papers^  Boston  Soc.  Nat.  Hist. 
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out  of  the  water.  From  the  new  land  surface  thus  formed,  the 
streams  must  have  run  off,  taking  the  shortest  courses  to  the  sea, 
and  utterly  regardless  of  the  structure  of  the  underlying  harder  rocks. 
At  first  they  flowed  upon  the  unconsolidated  Cretaceous  sediments ; 
but  after  these  were  completely  removed  by  erosion,  the  solid  rocks 
beneath  were  attacked,  and  the  formation  of  a  second,  the  Tertiary 
peneplain,^  commenced. 

The  streams  at  the  time  of  the  Cretaceous  elevation  were  original 
and  consequent  upon  the  slope  of  the  land.  As  by  continued  erosion 
the  Cretaceous  sediments  were  entirely  removed,  the  streams  became 
superimposed  upon  the  underlying  hard  and  soft  formations.  The 
basin  rocks,  being  least  resistant,  were  removed  more  rapidly  than 
the  outlying  crystallines,  and  the  streams  gradually  shifted  their 
courses  on  to  the  softer  rocks.  Thus  they  became  adjusted,  during 
the  Tertiary  period,  to  run  in  the  basins  as  much  as  possible.  The 
streams  rising  on  the  crystalline  areas  must  have  been  so  adjusted  as 
to  take  the  most  direct  courses  to  the  basins. 

Near  the  close  of  the  Tertiary  period  a  great  elevation  of  the 
land  occurred,  probably  amounting  to  several  thousand  feet.  This 
increased  the  energy  of  the  rivers,  so  that  in  the  bottoms  of  their 
valleys  they  cut  deep  gorges,  extending  many  miles  above  their 
mouths.  The  gorge  at  the  mouth  of  the  Charles  is  from  100  to  200 
feet  deep  —  below  the  present  sea  level.  While  the  land  stood  at  this 
elevation,  the  Glacial  epoch  came  on,  during  which  time  the  whole 
region  was  buried  beneath  the  ice  sheet,  and  was  covered  with  a 
coating  of  bowlder  clay  which  filled  up  the  Pleistocene  gorges  and 
some  of  the  Tertiary  valleys.  During  the  recession  of  the  ice  to  the 
north,  at  the  close  of  the  Glacial  epoch,  many  of  the  valleys  were 
blocked  by  ice  or  drift,  forming  large  glacial  lakes,  in  which  were 
deposited  great  quantities  of  sand  and  gravel.  These  overlaid  the  till 
in  the  lowlands  and  completely  changed  the  character  of  the  topog- 
raphy. Thus  when  new  streams  were  formed  they  rarely  took  their 
former  courses,  but  instead  found*  new  channels  across  the  drift- 
covered  surface  in  entire  indifference  to  the  preglacial  conditions. 

Preglacial  Drainage  ok  the  Region. 

In  order  to  decipher  the  courses  of  the  preglacial  streams,  I  will 
endeavor,  first,  to  show  what  portions  of  the  present  fiver  valley  are 
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so  youthful  in  their  characteristics  as  to  lead  to  the  belief  that  they 
have  been  formed  since  the  Glacial  epoch,  and  then  to  determine 
the  preglacial  courses  for  these  portions.  From  the  fragmentary 
streams  thus  discovered,  the  entire  preglacial  system  of  drainage  can 
be  constructed  with  a  considerable  degree  of  certainty. 

In  order  to  facilitate  discussion,  it  will  be  convenient  to  divide 
the  main  valley  of  the  Charles  into  four  parts,  which  can  be  done 
very  readily  on  account  of  the  topography.  That  portion  of  the  river 
and  its  valley  above  Medway  I  will  call  the  Upper  Charles ;  that 
between  Medway  and  Sherborn,  the  Middle  Charles ;  and  that  below 

Sherbom,  the  Lower 
Charles.  The  fourth  sub- 
division is  the  tide-water 
portion  of  the  river.  The 
sequel  will  show  why 
these  distinctions  are 
made. 

The  Upper  Charles.  — 
Rising  in  the  village  of 
Hayden  Row,  Hopkinton, 
the  river  flows  for  the  first 
ten  miles  almost  directly 
southward.  The  valley 
south  of  Milford  is  broad 
and  evidently  old.  South 
of  Factory  Pond  it  is 
occupied  by  an  extensive 
sand-plain.  But  a  mile  south  of  Factory  Pond  a  sudden  bend  occurs, 
and  the  river  flows  for  two  miles  in  an  easterly  direction.  In  this 
stretch  the  character  of  the  topography  is  strikingly  different  from 
that  in  the  north-south  course.  Between  Milford  and  Bellingham 
Junction,  with  one  or  two  possible  exceptions,  outcrops  of  rock  nowhere 
occur  within  500  feet  of  the  stream  ;  but  below  the  bend  the  rock  valley 
gradually  narrows  down,  until,  a  mile  below  the  Junction,  rock  ap- 
proaches close  to  the  river  on  both  banks.  The  till  slopes  here  come 
to  within  a  quarter  of  a  mile  of  the  river.  The  locations  of  out- 
crops near  the  river  are  shown  in  Figure  i.  On  this  and  subsequent 
maps  I  have  not  attempted  to  represent  all  the  outcrops,  but  simply 
those  which  concern  the  present  discussion. 
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Fig.  I.  —  Map  OF  the  Vicinity  of  Bellingham, 
Showing  Important  Outcrops. 
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By  studying  Plate  2  it  will  be  seen  that  while  the  amount  of  fall 
in  the  four  miles  above  this  section  is  35  feet,  here  it  is  19  feet  in  a 
distance  of  seven-eighths  of  a  mile.  This  rate  of  fall  continued  for 
four  miles  would'  give  92  feet,  showing  a  much  more  rapid  descent 
here  than  directly  above.  These  facts  naturally  lead  to  the  suggestion 
that  the  river  is  here  out  of  its  preglacial  course. 

Emerging,  northeast    of    fiellingham,  from  its   narrow  valley,  the 


river  turns  sharply  to  the  north,  and  flows  as  far  as  West  Medway 
through  a  broad  valley,  occupied  above  North  Bellingham  by  meadows 
500  to  2,000  feet  broad,  and  having  all  the  characteristics  of  being 
very  old.  Towards  the  north,  however,  it  narrows,  and  at  West  Med- 
way takes  a  more  easterly  course. 

By  referring  to  the  topographical  map  it  will  be  seen  that  a  broad 
ridge  of  high  land,  overlaid  by  till,  extends  south  from  Holliston  to 
beyond    Kelly    Street,   Medway,   within    half  a  mile   of   the  Charles. 
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South  of  the  river  the  ridge  rises  rapidly  to  a  maximum  height  of 
320  feet,  and  extends  southward  beyond  the  limits  of  this  study. 
Between  these  two  portions  of  the  ridge  lies  the  Medway  sand-plain. 
North  of  the  village,  on  account  of  the  great  thickness  of  the 
plain,  not  a  single  outcrop  is  exposed.  To  the  south,  however, 
the  river  has  cut  a  deep  ravine  down  to  the  underlying  rock,  in 
which  it  has  continued  the  work  of  erosion  (Figures  2  and  3).  Within 
a  distance  of  half  a  mile  three  dams  occur. 


The  slopes  of  the  Medway  sand-plain  first  approach  the  river  just 
cast  of  Shepard's  Brook.  Near  this  point,  in  order  to  pass  the  ridge 
of  till  and  its  underlying  rock,  the  stream  turns  to  the  northeast. 
Half  a  mile  above  Sanford  Street  ideal  erosion  slopes  rise  north  of 
the  river  to  a  height  of  from  60  to  So  feet.  All  cvidence.s  show  that 
at  the  close  of  the  Glacial  epoch  the  recently  formed  sand-plain  com- 
pletely filled  the  half  mile  gap  in  the  highlands,  and  in  order  to  find 
an  outlet  to  the  east  the  stream  has  had  to  cut  a  new  valley  through 
the  plain.     It  is  here,  as  at  Bellingham,  out  of  its  preglacial  course. 
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In  searching  for  the  former  channel  we  have  two  alternatives : 
First  —  the  river  may  have  passed  the  ledges  at  Medway  through  a 
valley  either  to  the  north  or  south,  which  is  now  buried  by  drift.  If 
to  the  south,  it  must  have  continued  eastward  from  Shepard's  Brook 
to  Populatic  Pond.  The  high  ridge  of  till  here,  however,  and  the  fact 
that  ledges  occur  all  along  its  northern  end,  and  farther  south  are 
exposed  on  its  summit,  make  it  extremely  improbable  that  any  buried 
valley  exists  here.  But  if  the  preglacial  valley  was  north  of  the 
present  valley,  it  is  occupied  now  only  by  modified  drift.  This  course 
would  be  possible,  but  other  conditions  render  it  unlikely.  It  would 
be  extremely  improbable,  if  the  Upper  Charles  flowed  east  across 
Medway  in  preglacial  time,  that  its  valley  would  now  be  obstructed 
by  such  a  prominent  and  uninterrupted  north-south  ridge  as  actually 
exists  here.  These  considerations  lead  to  the  natural  inference  that 
the  underlying  rock  is  continuous  from  Holliston  to  Franklin  at  such 
an  elevation  as  to  bar  the  way  to  any  preglacial  river. 

If  such  is  the  case,  the  second  alternative  must  be  accepted  — 
that  above  Medway  the  direction  of  the  river  has  been  reversed, 
and  that  previous  to  the  Glacial  epoch  it  flowed  south  instead  of 
north ;  in  which  case  there  must  be  somewhere  in  the  watershed 
of  the  Upper  Charles  a  buried  valley,  the  former  outlet  for  the  stream. 
Searching  for  such  a  valley,  I  found  its  most  probable  location  to  be 
the  pass  east  of  Bellingham,  where  the  Charles  approaches  within  a 
mile  of  the  source  of  Peters'  River,  a  tributary  of  the  Blackstone. 
The  broad  pass  at  this  point  is  occupied  by  a  sand-plain,  and  is 
wholly  destitute  of  outcrops  for  half  a  mile  east  and  west  (Figure  i). 
West  of  Bellingham,  at  the  point  where  the  Charles  bends  toward  the 
east,  there  probably  exists  another  buried  valley,  which  in  preglacial 
time  furnished  an  outlet  to  Mill  River.  At  this  point  the  streams  are 
less  than  a  mile  apart,  and  the  watershed  between  them,  in  which  no 
outcrops  have  been  found,  rises  less  than  40  feet  above  the  Charles. 
Careful  search  has  shown  this  to  be  the  only  likely  preglacial  outlet 
for  the  valley  northwest  of  Bellingham.  The  probable  ancient  courses 
are  indicated  by  dotted  lines  in  Plate  3.  To  summarize,  the  reasons 
for  believing  that  the  Upper  Charles  was  tributary  to  Narragansett 
Bay,  as  shown  in  the  plate,  are  :  — 

I.  The  valleys  both  east  and  west  of  Bellingham  point  towards 
gaps  in  the  watershed  on  the  south. 
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2.  The  east-west  valley  at  Bellingham  possesses  distinctly  post- 
glacial characteristics. 

3.  The  valley  from  North  Bellingham  through  the  gap  in  the 
watershed  to  South  Bellingham  offers  a  nearly  straight  course. 

4.  The  valley  south  of  Caryville  is  much  broader  than  to  the  north, 
and  the  width  increases  towards  Bellingham.  Between  Bellingham 
and  Caryville  it  is  too  large  to  belong  to  a  small  stream  flowing  north 
from  Bellingham,  but  it  may  easily  have  been  formed  by  Chicken, 
Shepard's,  Hopping,  and  Mine  brooks  combined. 

5.  The  southward  course  is  the  shortest  route  to  the  sea,  being 
only  twenty  miles  from  Bellingham  to  Narragansett  Bay,  while  to 
Boston  Bay  it  is  twenty-seven  miles. 

6.  The  topography  and  geology  in  the  vicinity  of  Medway  render 
it  improbable  that  any  preglacial  outlet  existed  in  that  direction. 
Thus  the  Bellingham  outlet  is  left  as  the  only  alternative. 

7.  This  course  would  follow  the  area  of  metamorphic  rocks 
extending  south  from  Medway.  The  present  course,  on  the  contrary, 
is  from  the  metamorphic  to  the  harder,  igneous  rocks. 

The  Middle  Charles,  —  By  referring  to  the  topographical  map  of 
the  United  States  Geological  Survey,  it  will  be  seen  that  a  marked 
ridge  of  high  land  crosses  the  Charles  River  basin  from' the  watershed 
of  the  Neponset  at  Cedar  Hill  to  the  Charles  near  South  Sherborn, 
and  on  the  western  side  of  the  river  crosses  to  the  Sudbury  watershed 
at  Paul's  Hill  in  Sherborn.  Both  north  and  south  of  Dover  the  basin 
of  the  Charles  varies  in  width  from  thirteen  to  sixteen  miles,  but  this 
line  of  highlands  narrows  it  to  about  six  miles  (Plate  3).  From  this 
well-defined  east-west  ridge  the  streams  flow  off  in  either  direction, 
giving  it  the  character  of  a  watershed,  which,  if  the  river  did  not  run 
across  it,  would  be  a  true  divide,  separating  two  distinct  river  basins. 

On  the  eastern  side  of  the  river  the  area  of  high  land  is  continuous, 
at  elevations  varying  between  200  and  400  feet  above  sea  level,  from 
Cedar  Hill  to  within  a  quarter  of  a  mile  of  the  Charles.  East  of 
South  Sherborn  outcrops  occur,  even  down  to  the  level  of  the  river 
itself.  At  this  point  the  stream  is  bounded  on  the  west  by  a  bold 
granite  hill  over  260  feet  in  height,  which,  just  north  of  the  railroad 
bridge,  descends  precipitously  to  the  water.  The  line  of  steep  cliffs 
extends  round  the  eastern  face  of  the  hill  for  nearly  a  mile,  to  the 
point  where  the  rock  on  the  eastern  bank  comes  close  to  the  river. 
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At  this  place  the  flood  plain  is  some  400  feet  wide,  and  is  divided  in 
the,  centre  by  a  ledge,  say  200  feet  across,  which  rises  over  20  feet 
above  the  marsh.  On  the  east  of  this  ledge  the  river  flows  with  a 
rapid  current  through  a  narrow,  rocky  gorge  not  over  40  feet  wide 
(Figure  4).  The  nearly  vertical  walls  of  rock  rising  directly  from  the 
water  indicate  that  this  was  not  the  preglacial  course.  Between  the 
above-mentioned  ledge  on  the  east  and  the  high  hill  on  the  west  lies 


Fig.  4.  — "The  Nasbows/'  kiar  Sooth  Shekborh. 
The  rirer  U  flowing  through  a  narrow  gorge,  the  marshea  in  the  foreground  being  overflowed. 

another,  wider  but  similar,  gorge,  which  is  occupied  by  the  flood  plain 
of  the  river. 

On  the  western  side  of  the  valley  a  rock  and  till  ridge  runs  from 
the  northern  end  of  Pine  Hill,  west  of  Farm  Pond,  southward  to 
Baggistere  Brook  in  Millis.  Between  this  ridge  and  the  granite  hill 
south  of  South  Sherborn  station  is  a  gap  of  half  a  mile,  which  might 
well  have  been  occupied  by  a  preglacial  river,  except  for  several  indi- 
cations to  the  contrary.  In  the  very  centre  of  the  gap  two  prominent 
ledges  of   slate  occur.     Although   their   presence  makes  a  preglacial 
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gorge  here  improbable,  it  does  not  make  it  impossible ;  so  for  absolute 
proof  it  was  necessary  to  look  elsewhere.  ^ 

For  three  miles  north  of  the  narrow  gorge  east  of  the  hill  the 
valley  is  one  of  varying  character,  in  which  numerous  ledges  occur, 
sometimes  close  to  the  river.  A  mile  northeast  of  Farm  Pond,  near 
Clark  Rock,  conglomerate  ledges  descend  on  both  banks  into  the 
water.  West  of  Pegan  Hill  felsite  rises  abruptly  both  on  the  east 
and  west,  forming  a  narrow  U-shaped  gorge.     East  of  the  bend  at 

this  point  the  line  of  high  land  is 
continuous.  To  the  west,  ledges  of 
felsite  extend  almost  continuously 
across  South  Street  to  Long  Pond, 
and  from  there  northward  to  within 
400  feet  of  Eliot  Street  (Figure  5). 
Nowhere  do  they  offer  a  gap  wide 
enough  for  a  preglacial  river  valley. 
The  only  break  which  could  be  seri- 
ously considered  is  600  feet  wide,  lying 
between  the  most  northern  felsite  out- 
crop and  the  melaphyre,  which  outcrops 

\      \  \  y^^        (  \a^     ^^^  ^^^^  north  of  Eliot  Street.     About 
rHVui    ivXrf'^Tr>^  7t\      midway  between  these  ledges,  however, 

is  a  well,  said  to  be  about  20  feet  deep 
and  to  rest  on  solid  rock.  Between 
here  and  Natick  ledges  are  almost 
continuous.  Considering  these  proofs, 
and  also  that  in  preglacial  time  the  bed 
of  the  river  must  have  been  over  a 
hundred  feet  below  its  present  level, 
I  believe  we  have  conclusive  evidence  that  between  Dover  and  Natick 
there  was  no  gap  of  sufficient  size  to  connect  the  Middle  with  the 
Lower  Charles.  This  evidence  is  strengthened  by  the  presence  of 
numerous  ledges  in  the  vicinity  of  South  Natick. 

Nevertheless,  the  broad  expanses  of  valley  in  the  basin  of  the 
Middle  Charles  show  that  the  region  must  necessarily  have,  been 
traversed  by  streams  of  considerable  size.  As  the  outlets  of  these 
ancient  streams  cannot  have  been  to  the  north,  they  must  be  searched 
for  in  some  other  direction.  To  find  them,  an  analysis  must  be  made 
of  the  valley  of  the  Middle  Charles. 
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Fig.  5.  —  Outcrop  Map  of  a  Por- 
tion OF  THE  Region  between 
Medfield   and   Natick. 
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Fig.  6. —  Outcrop  Map  of  a  Pc 


Middle  Charles 
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Flowing  out  of  the  narrow  Medway  gorge,  the  contrast  is  very 
great,  as  the  river  emerges  into  a  broad,  open  valley,  entirely  devoid 
of  outcrops,  and  with  every  characteristic  of  being  very  old.  It  flows 
in  this  valley  for  a  mile  and  a  half,  as  far  as  Green  Street.  Here, 
however,  the  characteristics  suddenly  change,  and  the  direction  be- 
comes northeasterly  for  four  miles,  throughout  which  distance  out- 
crops are  occasional  (Figure  6)  and  the  topography  rather  character- 
istic of  a  distinctly  postglacial  stream.  North  of  Forest  Street  an 
old  valley  is  again  encountered.  In  it  the  river  turns  eastward,  as  if 
to  round  the  north  side  of  Noon  Hill ;  but  instead,  at  the  mouth  of 
Stop  River  it  turns  towards  the  northwest.  Stop  River  is  a  large 
tributary  entering  the  Charles  from  the  east,  and  at  its  mouth  appears 
almost  equal  in  size  to  the  main  stream.  Its  valley  is  certainly  much 
broader,  as  shown  by  the  contours.  Between  the  120-foot  contours 
it  is  occupied  by  extensive  meadows.  Below  its  mouth,  the  valley  of 
Stop  River  is  continued  with  a  width  of  from  half  a  mile  to  a  mile  as 
far  as  Canal  Street  in  Medfield,  but  interrupted  near  the  Woonsocket 
Division  of  the  New  York,  New  Haven  &  Hartford  Railroad  by  a 
series  of  outcrops  (Figure  6).  West  of  the  railroad  the  broad  valley 
is  especially  marked,  as  shown  in  Figure  7. 

The  topography  shows  that  in  the  basin  of  the  Middle  Charles  two 
portions  are  so  broad  and  low  that  they  must  have  been  occupied  by 
preglacial  streams  of  considerable  size.  The  first  of  these,  lying 
between  Medway  and  Rockville,  I  will  call  the  Populatic  River,  from 
Populatic  Pond.  The  other  river,  between  Medfield  and  Millis,  I  will 
call  the  Baggistere,  as  it  had  its  source  in  Baggistere  Brook.  The 
next  problem  is  to  determine  the  outlets  of  these  preglacial  streams 
from  the  basin. 

By  referring  to  Plate  i  it  will  be  seen  that  the  most  prominent 
geological  feature  in  this  region  is  the  band  of  Carboniferous  sedi- 
mentary rocks  forming  the  Norfolk  County  Basin,  and  stretching  \vith 
a  variable  width  of  from  one  to  three  miles  from  the  Narragansett 
Basin,  at  the  northeast  corner  of  Rhode  Island,  to  the  Boston  Basin, 
north  of  the  Blue  Hills.  This  band  of  sedimentary  rocks  coincides  to 
a  considerable  degree  with  a  belt  of  lowlands,  occupied  on  the  north- 
east by  the  Neponset  River  and  on  the  southwest  by  Abbots's  Run. 

At  the  beginning  of  the  Glacial  epoch  sufficient  time  had  elapsed 
since  the  origin  of  the  streams  of  the  region  to  enable  them  to  become 
adjusted  to  the   geological  structure.     Thus  the  streams  originating 
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upon  the  crystalline  areas  to  the  northwest  and  southeast  of  the 
Norfolk  Basin  had  come  to  take  the  most  direct  courses  to  the  softer, 
sedimentary  rocks.  Of  these  streams  the  Populatic  and  the  fiaggi- 
stere  were  the  most  important. 

The  source  of  the  Populatic  River  was  in  the  western  part  of  the 
town  of  Sherborn,  at  one  of  the  sources  of  Baggistere  Brook,  with 
which  it  coincided  as  far  as  Orchard  Street.  It  followed  the  broad, 
swampy  valley  south  of  Orchard  Street  as  far  as  the  present  Charles. 


KiG,  7.  —  Vali.kv  of   Charles   River    West   uf'  the  Woo tj socket   Division 
N.  Y.,  N.  H,  &  H,  R,  R.,  between   Mebfield  and  Millis.    Marshes  Ovi 

Farther  south  its  course  is  marked  by  Populatic  and  Kingsbury  ponds 
and  Mill  Brook,  which  it  followed  to  the  Norfolk  Basin.  Throughout 
almost  the  entire  distance  the  bed-rock  outcrops  frequently  along  the 
western  border  of  the  valley,  but  it  is  exposed  in  the  valley  itself  only 
near  City  Mills.  Nowhere  does  it  forbid  regarding  this  as  a  preglacial 
course.  Upon  reaching  the  basin  rocks  the  Populatic  must  have  taken 
one  of  two  courses.  It  may  have  turned  northward  to  join  the 
Neponset,  or  southward  towards  Abbots'  Run.  The  latter  course  is 
the  more  probable.  Nowhere  between  Marsh  Pond  and  Walpole  can 
evidences  of  a  buried  valley  be  found.     But  a  southward  sloping  valley 


1 86  Frederick  G,   Clapp, 

between  Whiting  Pond  and  the  gap  west  of  Bald  Hill  in  Wrentham 
would  follow  the  narrow  band  of  sedimentary  rocks  connecting  the 
Norfolk  and  Narragansett  basins.  In  the  absence  of  any  other  plau- 
sible outlet  for  the  Populatic  River,  we  must  accept  this  as  its  most 
probable  location. 

The  Baggistere  River  was  probably  formed  by  the  union  of  several 
brooks  in  the  broad  valley  northwest*  of  the  Woonsocket  Division,  near 
the  mouth  of  the  present  Baggistere  Brook.  The  exact  point  of  junc- 
tion of  the  brooks  must  have  been  near  the  railroad  in  the  vicinity  of 
Island  Street.  Continuing  the  direction  of  the  resultant  of  their 
courses  towards  the  southeast,  a  broad,  drift  filled  valley  is  reached, 
extending  to  the  marshy  area  south  of  Dvvight  Street.  Near  Cause- 
way Street  the  river  was  joined  by  the  brook  flowing  south  from 
Castle  Hill.  East  of  here  its  most  probable  route  is  across  the  low 
watershed  into  the  valley  of  Mine  Brook,  and  thence  to  the  Norfolk 
Basin.  The  probability  of  this  is  indicated  by  the  broad,  low  valley  of 
Mine  Brook  along  the  railroad  between  Medfield  and  Walpole.  At 
first  the  great  amount  of  rock  east  of  Mt.  Nebo  seemed  an  obstacle 
to  any  preglacial  course  here.  More  careful  examination,  however, 
shows  that  most,  if  not  all,  of. the  rock  between  the  railroad  and 
Mt.  Nebo  is  moraine  material,  and  that  the  north-south  ridge  north 
of  the  railroad  is  a  moraine  separating  the  two  valleys.  An  alterna- 
tive course  for  the  ancient  river  east  of  Causeway  Street  is  through 
the  valley  of  Stop  River  east  of  Noon  Hill.  This  valley  is  less  direct, 
however.  Whichever  course  the  river  took,  it  joined  the  Neponset 
in  the  vicinity  of  Walpole,  and  was  tributary  to  Boston  Bay. 

To  summarize  briefly,  the  basin  of  the  Middle  Charles  was,  in  pre- 
glacial time,  drained  by  two  main  streams,  the  Populatic  and  the 
Baggistere,  both  rising  in  Sherborn  and  flowing  very  directly  to 
the  Norfolk  Basin.  The  Populatic  reached  the  basin  rocks  north  of 
Wrentham,  then  found  an  outlet  to  the  Narragansett  Basin,  and  thence 
to  the  sea  through  Miller's  River  and  the  Blackstone.  Baggistere 
River,  on  the  other  hand,  entered  the  Neponset  Valley,  which  it  fol- 
lowed to  the  sea  through  the  Norfolk  and  Boston  basins. 

The  Lower  Charles.  —  We  have  seen  that  at  the  beginning  of  the 
Glacial  epoch  no  part  of  the  drainage  south  of  Dover  and  Sherborn 
was  tributary  to  the  region  on  the  north.  Still,  the  broad  valleys  at 
several  points  below  South  Natick  indicate  that  they  must  have  been 
occupied  by  streams  of  considerable  size. 
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South  of  the  village  of  South  Natick  many  prominent  outcrops 
border  the  river  and  many  occur  even  in  its  bed.  Most  of  the  higher 
lands  both  west  and  south  of  South  Natick  consist  of  solid  rock. 
And  this  notwithstanding  the  fact  that  a  long  arm  of  the  sedimentary 
and  volcanic  rocks  of  the  Boston  Basin  extends  as  far  west  as  Farm 
Pond  (Plate  i  and  Figure  5).  At  South  Natick  the  outcrops  extend 
across  nearly  the  entire  breadth  of  this  belt,  indicating  that  in  pre- 
glacial  time  there  was  no  large  stream  flowing  into  the  Boston  Basin 
through  this  area. 

Below  South  Natick,  following  the  river,  we  pass  from  a  region  of 
frequent  outcrops  to  one  where  they  are  very  scattering,  and  once 
more  reach  a  portion  of  the  valley  which  is  undoubtedly  very  old. 
Between  the  ledge  of  melaphyre  just  below  the  dam  at  South  Natick 
and  the  ledges  near  the  corner  of  Dover  and  Grove  streets,  Welleslcy, 
no  outcrops  occur,  with  the  possible  exception  of  a  conglomerate 
exposure,  perhaps  a  bowlder,  on  the  Hunnewell  estate.  The  out- 
crops in  Wellesley  and  Necdham  are  shown  in  Figure  8.  The  broad 
valley  east  of  South  Natick  expands  in  two  directions,  extending  far 
up  the  valley  of  Trout  Brook,  and  also  across  Lake  Waban  and 
Morse's  Pond,  towards  Cochituate.  It  i)robably  also  extends  north- 
ward beneath  the  drift  deposits  of  Wellesley  and  Necdham.  The 
sand-plains  of  this  region  rise  to  an  extreme  elevation  of  about  160 
feet,  iit  places  rising  steeply  from  the  river  in  postglacial  erosion 
slopes.  Usually,  however,  the  slopes  are  gradual,  due  to  construction, 
and  having  been  little  eroded  by  the  river.  Near  the  mouth  of  Trout 
Brook  the  valley  is  very  broad,  but  narrows  down  towards  Charles 
River  Village.  Between  Central  Avenue  and  South  Street  outcrops 
are  thick  all  along  the  river.  The  tortuous  course  between  the  ledges 
shows  it  at  once  to  be  of  postglacial  origin. 

At  South  Street  is  a  dam  8  feet  in  height,  and  below  this  outcrops 
occur  on  both  banks,  as  shown  in  Figure  8.  Just  west  of  Chestnut 
Street  ledges  approach  very  near  the  river  on  both  north  and  south, 
showing  a  strong  probability  that  this  was  not  a  preglacial  course. 
This  is  conclusively  proved  east  of  Chestnut  Street,  where  a  line  of 
ledges  crossing  the  river  extends,  both  on  the  north  and  south,  far 
back  from  the  stream,  offering  no  gap  wide  enough  to  contain  a 
buried  valley.  The  impossibility  becomes  still  more  evident  when  we 
consider  that  the  bed  of  the  preglacial  stream  must  have  been  at  least 
100  feet  below  the  present  channel,  as  will  be  shown  later.     Between 
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Chestnut  Street  and  Greendale  Avenue  the  abundant  outcrops  near 
the  river  strengthen  the  proof  that  this  part  of  the  course  is  of  post- 
glacial origin. 

In  the  vicinity  of  Greendale  Avenue  the  entire  character  of  the 
valley  changes,  and  the  Charles  emerges  into  a  broad  meadow,  extend- 
ing to  the  north  for  over  two  miles.  Instead  of  following  this  direct 
course,  the  inconsistent  river  turns  suddenly  to  the  south  towards  the 
narrower  end  of  the  valley,  and,  reaching  its  termination  west  of  Ded- 
ham  Village,  is  forced  to  find  a  passage  between  the  granite  ledges 
which  border  it  as  far  as  Ames  Street.     At  this  point  a  broad,  marshy 


Fio.  9.  — Charles  River  Meaiiuws  abuve  Nahani'on  Stri 
AND  Nbbdham.    (High  Water.) 

valley  is  again  encountered,  and  turning  at  an  acute  angle,  the  river 
flows  off  to  the  northward.  Half  a  mile  below  Ames  Street  an  arti- 
ficial ditch  has  been  cut  through  the  low  divide  on  tiie  east,  diverting 
part  of  the  water  of  the  Charles  into  the  rocky  valley  of  Mother  Brook 
leading  to  the  Neponset,  and  thus  making  Boston  an  island.  North  of 
this  the  Charles  flows  sluggishly  through  broad  marshes,  which  unite, 
west  of  Cow  Island,  with  the  marsh  already  noted,  east  of  Greendale 
Avenue,  This  portion  of  the  valley  is  clearly  very  old  (Figure  9). 
But  at  Nahanton  Street  a  ledge  of  melaphyre  rises  east  of  the  river, 
and  northeast  of  here  the  valley  rapidly  narrows.  At  Highland 
Avenue  conglomerate  occurs  close  to  both  banks  ;  and  south  of  High- 
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land  Avenue  and  a  quarter  of  a  mile  from  the  river  a  bold  hill  of 
felsite  rises  to  an  elevation  of  about   170  feet. 

Below  Central  Avenue  there  is  a  sheer  fal!  of  13  feet,  and  the 
river  enters  the  picturesque  Hemlock  Gorge,  and  flows  through  it 
between  steep  ledges  of  conglomerate,  which  rise  precipitously  from 
the  water.  Figure  10  shows  the  distinctly  postglacial  character  of  the 
gorge.     Below  Worcester  Street  is  a  second  dam,  with  a  fail  of  1 5  feet, 


Hu.  10.  — View  in  Hemlock  Gorge,  Showing  the  L'prEK  Fall. 

making  the  total  height  of  Newton  Upp.;r  Falls  about  28  feet.  Pass- 
ing out  of  the  gorge  below  Worcester  Street,  the  stream  again  reaches 
a  broad,  low  valley,  through  which  it  flows  westward  untiJ,  just  below 
the  mouth  of  Rosemary  Brook,  it  strikes  a  ledge  of  conglomerate  and 
turns  slightly  to  the  north.  Beyond  this  point  high  sand-plains  close 
in  ;  and  at  Newton  Lower  Falls  the  valley  has  become  very  narrow, 
having  without  doubt  been  eroded  by  the  river,  as  is  indeed  indi- 
cated by  excavations  in  the  steep  slopes  of  the  sand-plain.  Enough 
sand  has  been  removed  so  that  the  horizontal  strata  are  seen  to  be 
cut  off  abruptly  by  the  erosion  slopes.     In  the  bottom  of  the  valley 
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at  this  point  ledges  of  melaphyre  occur,  extending  entirely  across  the 
river,  and,  together  with  artificial  clamming,  making  falls  the  total 
height  of  which  Is  about  22  feet  (Figure  1 1),  Below  Newton  Lower 
Falls  the  river  passes  on  to  a  band  of  soft  rocks,  and  once  more  finds 
itself  in  a  broad  valley  devoid  of  outcrops.  A  mile  west  of  the  falls 
it  strikes  the  crystalline  border  of  the  Boston  Basin,  and  is  turned  to 
the   northeast   towards   Riverside.     Between   Riverside  and  Waltliam 


outcrops  are  abundant  on  the  west  bank,  occurring  at  Prospect  Street, 
close  to  the  water.  On  the  east  side  of  the  river,  the  only  ledges 
north  of  the  Boston  &  Albany  Railroad  are  several  exposures  of  slate 
west  of  Auburndalc.  Below  Waltham  no  outcrops  occur  near  the 
river,  except  a  ledge  100  feet  south  of  the  Bemis  dam,  and  below  this 
the  nearest  are  i,000  feet  from  the  river,  in  Newton,  opposite  Water- 
town.  Between  Riverside  and  Cambridge  there  is  no  indication  that 
the  river  is  at  any  point  far  from  its  preglacial  course. 

This  brief  survey  of  the  topography  of  the  valley  of  the  Lower 
Charles  seems  to  warrant  the  following  conclusions:  — 
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1.  That  above  South  Natick  there  could  have  been  no  preglacial 
stream  larger  than  a  mere  brook. 

2.  That  in  the  regions  between  South  Natick  and  Charles  River 
Village,  between  Dedham  and  Newton  Upper  Falls,  and  between 
Newton  Lower  Falls  and  Riverside  the  valley  is  typically  old. 

3.  That  at  both  the  Upper  and  Lower  Falls,  and  between  Charles 
River  Village  and  Dedham,  the  Charles  is  certainly  out  of  its  pre- 
glacial course. 

The  explanation  of  these  phenomena  is  found  in  evidence  showing 
that  the  large  basin  between  Dedham  and  Newton  was  formerly  occu- 
pied by  a  separate  stream,  while  the  main  river  cut  across  Needham 
to  its  present  valley  below  the  Lower  Falls. 

It  is  probable,  however,  that  the  preglacial  Charles  did  not  have 
its  principal  source,  as  might  be  supposed,  in  the  valleys  of  Natick 
and  Dover ;  but  that  it  rose  far  to  the  northwest.  A  peculiarity  of 
the  Sudbury  River  is  the  fact  that,  although  in  the  upper  part  of  its 
course  it  flows  directly  towards  the  Boston  Basin  to  within  five  miles 
of  its  border,  instead  of  taking  the  direct  course  of  twenty  miles  to 
the  sea  across  the  softer  basin  rocks,  it  turns  northward  in  the  vicinity 
of  Framingham  to  unite  with  the  Assabet  at  Concord,  forming  the 
Concord  River,  which  is  tributary  to  the  Merrimac  at  Lowell,  and 
thence  to  the  sea  at  Newburyport,  making  a  total  distance  from 
Framingham  of  seventy-five  miles.  This  course  is  evidently  very 
unstable,  and  it  must  have  been  impossible  for*  it  to  survive  the  com- 
plex stream  adjustment  which  took  place  during  the  Tertiary  period. 
The  natural  explanation  is  that  between  Concord  and  Saxonville  the 
drainage  has  been  reversed,  and  that  in  preglacial  time  the  river  had 
its  source  near  Concord,  flowing  southward  to  the  Charles  through  a 
valley  now  indicated  in  part  by  the  basins  of  Morse's  Pond  and  Lake 
Waban. 

Outcrops  occur  on  the  east  slope  of  Train  Hill,  opposite  Wellesley 
College,  and  at  Blossom  Street,  Wellesley ;  but  between  these  points 
none  have  been  found.  Moreover,  between  the  Sudbury  west  of 
Reeves'  Hill  and  the  Charles  there  is  room  for  a  buried  valley  over  a 
mile  wide,  as  shown  by  the  absence  of  outcrops  (Figure  8).  A  line 
drawn  through  Dudley,  Pickerel,  Jennings',  and  Morse's  Ponds  and 
Lake  Waban,  all  kettle  ponds,  would  mark  approximately  the  most 
probable  location  of  the  buried  valley.  A  convincing  proof  that  such 
a  valley  lies  beneath  Wellesley  is  afforded  by  the  record  of  a  well 
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bored  on  the  Mayo  Farm,  on  Blossom  Street,  a  mile  north  of  the 
railroad.  The  well  is  located  not  far  from  the  160-foot  contour,  and 
went  through  90  feet  of  sand  and  gravel  without  striking  ledge.  It 
must  extend  about  40  feet  below  the  surface  of  Morse's  Pond,  and  as 
it  is  apparently  not  in  the  direct  line  of  the  preglacial  valley,  it  is 
extremely  probable  that  the  lowest  line  or  axis  of  the  gorge  is  at  a 
much  lower  level.  As  further  evidence  that  this  was  the  course  of 
the  preglacial  Sudbury  River,  it  may  be  added  that :  — 

1.  The  Sudbury  River  meadows  are  very  narrow  in  the  vicinity 
of  Concord,  but  widen  towards  the  south. 

2.  At  several  points  near  Concord  outcrops  occur  near  the  Sud- 
bury and  Concord  Rivers. 

3.  The  tributaries  of  the  Sudbury  —  Stows,  Baiting,  Wash,  Hay- 
ward,  and  Cold  Brooks  —  tend  to  converge  toward  the  south  rather 
than  the  north. 

4.  The  portion  of  the  Sudbury  above  and  that  below  Cochituate 
converge  toward  this  preglacial  outlet. 

The  west  branch  of  the  Sudbury,  flowing  east  from  Westboro, 
must  have  combined  with  the  north  branch  in  the  vicinity  of  Cochitu- 
ate to  form  the  Charles.  It  is  probable  that  at  that  time  the  Assabet 
was  tributary  to  the  Sudbury  through  either  Pantry  or  Hop  Brooks. 
Thus  the  entire  area  now  included  in  the  Sudbury  and  Assabet  basins 
drained  into  the  Charles,  which  must,  consequently,  have  been  a 
stream  of  considerable  size. 

Upon  reaching  the  Boston  Basin  the  Charles  probably  turned 
northeastward  and  followed  the  basin  rocks  out  to  sea.  An  extended 
study  has  shown  that  between  Wellesley  and  the  Charles  River  east 
of  Chestnut  Street,  Needham,  outcrops  are  so  thick  that  there  are 
only  two  possible  routes  for  the  preglacial  valley.  One  of  these  is 
eastward  beneath  Ridge  Hill,  and  then  northward  between  the  felsite 
and  melaphyre  outcrops  south  of  North  Hill.  The  other,  more  direct 
and  more  probable,  course  is  directly  east  from  Lake  Waban  between 
the  granite  and  sandstone  outcrops,  and  beneath  two  large  drumlins, 
to  the  valley  of  Rosemary  Brook.  The  probability  of  the  valley  of 
this  brook  having  once  been  occupied  by  the  Charles  is  evident  from 
its  great  size  (Figure  1 2).  It  is  out  of  all  proportion  to  the  size  of 
the  diminutive  stream  which  now  meanders  through  it ;  and  north 
of  Needham  it  is,  for  a  width  of  a  mile  and  a  half,  entirely  free  from 
outcrops  almost  to  Newton  Lower  Falls. 
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The  great  size  of  this  part  of  the  ancient  valley  may  have  been 
due  in  part,  however,  to  a  stream  flowing  into  it  from  the  basin  on  the 
east.  The  principal  tributaries  to  this  basin  were  South  Meadow, 
Palmer,  and  Wigwam  Brooks,  which  united  to  form  the  broad  valley 
along  the  western  end  of  the  West  Roxbury  slate  belt.  Evidence, 
aside  from  the  surface  topography,  that  a  deep  buried  valley  exists 
here  is  afforded  by  the  records  of  numerous  wells.  At  the  Pumping 
Station  of  the  Brookline  Water  Works,  on  the  southwest  point  of  Cow 
Island,  a  number  of  wells  have  been  sunk  to  a  depth  of  90  feet  below 
the  surface.  One  of  them  strikes  ledge  at  that  depth.  As  the  eleva- 
tion of  the  surface  at  this  point  is  about  93  feet,  the  wells  evidently 
reach  nearly  to  sea  level.  Beginning  a  mile  northeast  of  this,  and 
extending  as  far  as  Highland  Avenue,  numerous  wells  have  been  sunk 
for  the  Newton  Water  Works,  the  results  of  a  few  of  which  are  given 
below. 


Wells  aLono  the  Pipe  Line  25  to  300  Feet  South  of  the  River,  between  .Sta- 
tion o,  2,050  Fket  Northwest  of  Kenhrick  Street,  and  Station  20 -|-  50,  at 
Kkndkick  Street. 


Station  on  Pipb  Linb. 

Elevation  ok   Bottom  of  Wrll  Rbfrrrbu 
TO  Ska  LitViiL.    (In  feet.) 

Station  2  -f  60 

+  43 

Station  5  +  10 

+  20 

Station  7  +  60 

+  13 

Station  8  -\-  SO 

—   7 

Station  9  +  30 

—  34 

Station  9  +  60 

—  27 

Station  9  +  80 

—  35* 

Station  10  +  20  to  10  +  50 

—  20 

Station  11  +  10  to  12  +  60 

0  t.>  + 10* 

Station  12+10 

—  35* 

SUiion  16  +  to  20  +  50 

+  50  to  +  70 

Station  20  +  50,  265  feet  from  river 

+  55 

*  Bed-rock  not  teached. 


All  the  above  wells  reached  bed  rock  at  the  depths  given,  except 
those  at  stations  9  +  80,  1 1  +  10  to  12  +  60,  and  \2  -\-  \Oj  xn  which 
cases  no  rock  was  encountered.     South  of  Kendrick  Street  and  west 
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of  the  river  the  wells  are  a!l  very  shallow,  no  rock  being  reached  in 
any  case.  Along  the  eastern  side  of  the  river  another  line  of  wells 
has  been  driven.  The  most  westerly  of  these,  some  2,000  feet  south 
of  Nahanton  Street  and  50  feet  from  the  river,  reaches  bed-rock  at  an 
elevation  of  -f-iS  feet.  East  of  here  the  rock  surface  rises  to  +  36, 
43,  47,  ami  57  feet  in  successive  wells.  The  results  of  these  borings 
show,  first,  that  throughout  this  basin  there  is  a  deep  buried  valley 
extending  east  and  west;  and  second,  that  about  i,ooo  feet  north  of 
Kendrick  Street  a  buried  gorge  of  great  depth  trenches  the  bottom 


of  a  north-south  valley.  This  gorge,  bounded  as  it  is  by  outcrops  on 
the  east  and  west,  must  belong  to  a  preglacial  stream  which  was  trib- 
utary to  the  east-west  stream  occupying  the  main  valley,  aS  described 
above.  As  the  depth  of  the  main  valley  must  be  at  least  as  great  as 
'that  of  its  tributaries,  we  must  conclude  that  this,  also,  had  a  depth 
of  at  least  35  feet  below  sea  level.  And  if  this  stream  flowed  west- 
ward into  the  Charles,  the  floor  of  that  valley  must  have  been  still 
lower. 

It  has  generally  been  supposed  heretofore  that  the  preglacial 
channel  of  the  Charles  around  Newton  Upper  Falls  diverged  from 
the  present  river  above  Kendrick  Street,  passing  south  of  the  felsite 
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hill  and  through  a  narroi*^  pass  beneath  the  Sudbury  Aqueduct  just 
east  of  Cedar  Street  to  the  broad  meadows  in  the  vicinity  of  Worcester 
Street.  A  more  direct  and  more  probable  course,  however,  is  directly 
westward  from  Kendrick  Street  to  the  valley  of  Rosemary  Brook  west 
of  Highlandville.  Along  this  line  there  is  a  gap  over  a  mile  in  width 
occupied  by  the  sand-plain,  having  an  elevation  of  from  120  to  140 
feet,  above  which  not  an  outcrop  appears  (Figure  8).  In  the  gap  at 
the  aqueduct,  on  the  other  hand,  the  breadth  of  the  bed-rock  valley 
on  the  surface  is  certainly  less  than  600  feet,  and  probably  less  than 
half  that.  The  lowest  elevation  of  the  surface  is  about  105  feet ;  but 
on  both  sides  of  this  point,  a  few  hundred  feet  distant,  ledges  rise  to 
elevations  up  to  160  feet.  Thus,  although  nothing  has  been  found 
to  absolutely  disprove  this  route,  we  must  accept  the  Highlandville 
course  as  the  more  probable  of  the  two. 

The  only  objections  to  a  westward  flowing  stream  here  are  that 
the  course  is  retrograde,  and  that  it  passes  from  the  slate  belt  to  the 
harder  felsite  to  the  west  ;  but  this  may  be  partly  explained  by  assum- 
ing that  formerly  the  slate  was  continuous  westward  to  the  valley  of 
the  Charles.  A  possible  alternative  course  for  the  Charles  would  be 
to  consider  that,  instead  of  turning  north  towards  Waltham,  it  flowed 
eastward  from  Highlandville  and  followed  the  slate  belt  out  to  Boston 
Bay,  across  West  Roxbury  and  Dorchester.  I  have  considered  this 
view,  but  have  been  able  to  find  no  direct  evidence  to  sustain  it. 
Moreover,  at  several  points  along  the  slate  belt  the  gaps  between  the 
outcrops  are  so  narrow  as  to  render  the  course  improbable.  This  is 
especially  the  case  east  of  Franklin  Field,  Dorchester,  where  slate  has 
been  thrown  out  in  excavating  for  sewers.  For  similar  reasons,  any 
attempt  to  trace  a  preglacial  outlet  through  the  valley  of  Stony  Brook 
must  be  abandoned.  An  outlet  along  Mother  Brook  is  impossible. 
Although  this  stream  crosses  the  Neponset-Charles  watershed  at  its 
lowest  point,  the  channel  is  so  tortuous  and  rocky  that  it  cannot  be 
considered  for  a  moment. 

We  must,  then,  suppose  that  from  near  Highlandville  the  course 
of  the  preglacial  Charles  was  northwest  to  the  present  river  below 
Newton  Lower  Falls,  and  that  from  there  on  it  had  approximately  its 
present  location.  The  existence  of  a  deep  gorge  below  the  present 
river  at  Waltham  is  shown  by  several  wells  in  that  vicinity.  A  well 
at  the  Waltham  Bleachery  was  driven  to*  a  depth  of  70  feet  below  and 
one  at  the  American  Watch  Tool  Company  to  63  feet  below  sea  level 
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Fig.  13.  —  Outline  Map  of  Bostojj  as  it  was  before  the  Position  of  the  Shorb 
Line  was  Changed  by  Artificial  Filling.    (From  an  old  map.) 
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without  reaching  bed-rock.  And  wells  at  the  Waltham  Gas  Company 
and  the  Davis  &  Farnham  Foundry  Company  reached  ledge  at  depths 
of  — 40  and  — 62  feet,  respectively. 

The  Tide  Water  Portion  of  the  Charles.  —  The  portion  of  the 
Charles  southeast  of  Cambridge  unquestionably  overlies  a  preglacial 
valley.  In  planning  for  the  construction  of  the  Harvard  and  West 
Boston  bridges  many  borings  were  made  to  depths  varying  between 
30  and  80  feet,  none  of  which  reached  bed-rock.  Around  the 
northwest  side  of  Beacon  Hill,  however,  according  to  Mr.  W.  W. 
Dodge,*  rock  rises  to  sea  level  and  has  been  encountered  in  many 
excavations  for  sewers  and  cellars.  In  boring  for  the  bridge  of  the 
Boston  &  Lowell  Railroad,  in  1833,  rock  was  struck  on  the  Boston 
side  12  feet  below  low  water.  These  and  many  other  similar  facts 
make  it  probable  that  a  continuous  ridge  of  rock  passes  beneath  the 
river  north  and  northwest  of  Beacon  Hill,  presenting  an  effective 
barrier  to  an  ancient  channel  on  this  side  of  Boston. 

The  true  preglacial  valley  must,  therefore,  lie  to  the  south  of 
Beacon  Hill.  Until  the  latter  part  of  the  nineteenth  century  the  city 
was  connected  with  Roxbury  only  by  a  narrow  neck  of  land  along 
Washington  Street,  between  Pleasant  and  Dartmouth  streets  (Figure 
13).  The  land  on  either  side  of  this  neck,  out  to  the  present  bank  of 
the  Charles  on  the  west  and  to  Fort  Point  Channel  on  the  east,  has 
all  been  formed  by  artificial  filling.  Dorchester  Neck,  between  South 
Boston  and  Dorchester,  is  at  present  but  half  a  mile  across,  and  in  the 
early  days  consisted  of  a  marsh,  which  at  times  of  very  high  tides 
was  entirely  covered,  making  South  Boston  an  island.  In  the  area 
between  Beacon  Hill  and  a  line  drawn  from  Roxbury  Crossing  to 
Mt.  Vernon  Street,  Dorchester,  there  is  not  a  single  outcrop,  with 
the  exception  of  ledges  in  South  Boston.  The  topography  suggests 
at  once  that  the  .  early  pleistocene  course  of  the  river  was  east  or 
southeast  from  the  Back  Bay.  And  such  a  course  is  practically 
proved  by  numerous  artesian  wells,  the  data  for  a  few  of  which 
follows. 


'  Notes  on  the  Geologv  of  Eastern  Massachusetts,     '/roc.  Bos.  Soc.  Nat.  Hist.,  Vol  XXI, 
pp.  197-215. 
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In  Loston  Proper. 

Location.  Depth  of  bed-rock 

in  feet. 

1.  Post-Office  Square 105 ' 

2.  Edison  Electric   Iliaminating  Co.,  Liverpool   Wharf,  Atlantic  Avenue, 

opposite  Pearl  Street 83 

3.  FederalCourt— Federal  Street 80 

4.  Atlantic  Avenue,  comer  Congress  Street 90 

5.  Boring  for  Congress  Street  Bridge 43-5 

6.  Adams  House,  553  Washington  Street       . 120 

7.  Near  Old  Elm,  Boston  Common 105  ' 

8.  Old  Boston  &  Providence  Railroad  Station,  Park  Square  ....  163 

9.  Hotel  Plaza,  corner  Columbus  Avenue  and  Holbrook  Street     ...  99 

10.  53  West  Brookline  Street,  corner  Washington 83 

11.  Allen  Gymnasium,  corner  St.  Botolph  and  Garrison  Streets       .  140' 

12.  791  Tremont  Street,  corner  Northampton 170 

13.  Corner  Swett  and  Albany  Streets 105  * 

In  Cambridge. 

14.  Near  outlet  of  Fresh  Pond 148 

15.  Brigham's,  Massachusetts  Avenue,  Cambridgeport 120 

16.  Soap  Works,  comer  Davis  Street  and  Broadway,  Cambridgeport  110-115 

17.  John  P.  Squires  &  Co.,  Gore  Street,  Easl  Cambridge        ....  60 

In  South  Boston  and  Dorchester. 

18.  Pier  4,  South  Boston 118  * 

19.  Just  to  south,  on  next  pier 35 

20.  Old  Calf  Pasture,  Mt.  Vernon  Street 165 

On  Line  of  Sewerage  Tunnel  from  Calf  Pasture  to  Squantum. 

21.  West  Shaft,  Pumping  Station over  100 

22.  Rock  rises  towards  the  east  to  about  level  of  low  water. 

23.  North  of  Dorchester  Street  exists  a  ledge  of  slate,  which  was  formerly  quarried. 

24.  Dredgings  in  the  harbor  have  struck  rock  in  many  places  between  Castle  and  Governor's 

Islands. 

25.  North  of  Governor's  Island  borings  of  40  feet  have  failed  to  reach  rock. 

Comparing  these  data,  it  is  seen  from  14,  15,  and  16  that  beneath 
Cambridgeport  the  bed-rock  is  from  no  to  150  feet  below  sea  level, 
but  that  it  rises  towards  the  north,  as  shown  by  27,  forming  an  east- 
west  ridge  extending  as  far  east  as  Beacon  Hill.  In  l^ost-Office 
Square  the  rock  surface  is  again  very  low  (i).  South  of  Beacon  Hill 
is  an  east-west  gorge  of  great  depth  (6,  7,  and  8),  which  probably 
passes  eastward  between  Post-Office  and  Dewey  Squares ;  and  25 
indicates  that  the  gorge  may  be  extended  eastward  between  Gov- 
ernor's Island  and  East  Boston.     South  of  Park  Square  the  bed-rock 


'  Bed-rock  not  reached. 
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rises,  as  shown  by  9  and  10,  to  between  80  and  100  feet  below  sea 
level,  forming  a  ridge  which  is  shown  by  numerous  outcrops  in  South 
Boston  and  Boston  Harbor  to  be  continued  as  far  east  as  Castle 
Island  (23  and  24).  South  of  this  ridge  is  a  second  deep  gorge.  The 
lowest  rock  surface  shown  by  the  records  is  at  791  Tremont  Street, 
near  Northampton  (12),  where  it  is  nearly  170  feet  below  sea  level. ^ 
Borings  13,  20,  and  21  show  this  gorge  to  be  extended  east  between 
South  Boston  and  Dorchester  to  the  Old  Harbor. 

Thus  the  preglacial  gorge  of  the  Charles  beneath  Boston  must 
have  one  of  two  locations.  The  course  most  in  line  with  the  river  to 
the  west  would  be  the  more  northern  one.  But  the  bend  which  would 
be  necessary  in  that  case  between  the  outcrops  west  of  Beacon  Hill 
and  the  comparatively  shallow  borings  near  Dewey  Square  is  an  un- 
natural one.  A  straighter  course,  and  one  giving  room  for  a  wider 
gorge,  is  the  southern  one,  which  is  also  the  one  in  which  the  lowest 
bed-rock  surface  has  been  found  (12,  20). 

Moreover,  the  deep  borings  in  Cambridge  are  exactly  in  line  with 
the  southern  gorge,  and  the  topographical  map  shows  that,  with  a 
slight  bend  to  the  north,  the  surface  depression  here  continues  with 
an  average  width  of  two  miles  across  Belmont  and  Arlington  to  the 
Mystic  Lakes  at  West  Medford.  Professor  Crosby  has  shown  *  that 
the  Merrimac  River  in  preglacial  time  was  probably  tributary  to 
Boston  Bay.  If  such  was  the  case,  its  most  direct  course  would  be 
southward  from  Arlington  along  this  depression  to  the  Old  Harbor. 
Hence  the  preglacial  Charles  was  a  branch  of  the  Merrimac,  meeting 
it  in  the  vicinity  of  Cambridgeport.  An  alternative  course  for  the 
Merrimac  is  eastward  from  West  Medford  through  the  valley  of 
the  Mystic ;  but  as  this  would  necessitate  a  sharp  bend  at  West 
Medford,  I  consider  it  less  probable. 

As  the  Pleistocene  elevation  of  the  land  carried  the  shore  line 
in  the  vicinity  of  Boston  much  farther  east  than  it  is  at  present,  the 
streams  of  that  time  had  to  cut  their  gorges  in  rock  which  is  now 
deeply  buried  beneath  the  bay.  Two  courses  must  be  considered  for 
the  Charles  (or  the  Merrimac)  after  reaching  the  Old  Harbor:  a 
northern  one,  passing  just  south  of  Castle  Island,  and  thence  north- 


'  As  the  elevation  of  the  land  between  Beacon  Hill  and  Rozbury  is  but  a  few  feet  abore 
high  water,  it  may  practically  be  neglected  here. 

'Geological  History  of  the  Nashua  Valley,  /.  r.,  p.  302. 
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east ;  and  a  southern  one,  towards  Thompson's  and  Moon  Islands  and 
Nantasket.  Between  Nash's  Rocks,  north  of  Point  Allerton,  and 
Moffit's  Ledge,  over  two  miles  farther  north,  ledges  are  so  frequent 
as' to  afford  no  probable  location  for  a  valley.  This  band  of  ledges, 
trending  approximately  northeast  and  forming  the  Outer  Islands,  is 
a  continuation  of  the  line  of  outcrops  in  the  lower  Neponset  Valley, 
and  exposed  in  Squantum,  on  Moon  Island,  and  in  Sculpin  Ledge. 
It  is  improbable  that  this  ridge  was  crossed  by  the  preglacial  channels 
of  either  the  Neponset  or  the  Charles,  but  it  more  likely  formed  a 
divide  between  them.  Moreover,  northeast  of  the  Calf  Pasture  ex- 
tends a  broad,  open  area,  unobstructed  by  any  land,  except  Deer 
Island,  which  is  a  drumlin ;  and  this  is  regarded  as  the  most  probable 
course  of  the  submarine  gorge  of  the  preglacial  Charles. 

[To  be  condaded  in  the  next  number  of  the  Quarterly.] 
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RESULTS   OF  TESTS  MADE  IN  THE   ENGINEERING 

LABOR  A  TORIES, 

XIII. 


Steam,  Hydraulics,  and  Applied  Mechanics. 


Measurement  of  Air  with  an  Orifice. 

The  increasing  use  of  compressed  air  as  a  motive  power  makes 
desirable  some  simple  method  of  determining  the  quantity  of  air  con- 
sumed. At  present  we  have  only  Fliegner's  formulae,  based  upon  his 
experiments  with  two  small  orifices,  4.085  mm.  and  7.314  mm.  in 
diameter  and  with  pressures  under  five  atmospheres. 

To  test  the  availability  of  these  formulae  for  larger  orifices  and 
higher  pressures,  and  if  necessary  to  establish  new  formulae,  the  appa- 
ratus shown  in  the  accompanying  cut  (Figure  i)  has  recently  been 
installed  in  the  Mechanical  Engineering  Laboratory. 

The  battery  of  twelve  tubes,  tested  to  stand  hydraulic  pressure 
of  3,500  pounds  per  square  inch,  is  piped  to  form  three  units  of  two 
and  two  units  of  three  tubes  each,  thus  permitting  the  use  of  any 
number  at  once.  Because  of  the  difficulty  in  preventing  leakage 
through  the  connecting  valves,  it  has  been  found  advisable  in  practice 
to  use  the  entire  reservoir.  The  slight  leakage  about  the  stuffing 
boxes  can  be  so  minimized  as  to  be  negligible.  These  supply  tubes 
are  connected  by  piping  to  a  large  receiver,  the  admission  of  the  air 
being  controlled  by  a  throttle  valve  placed  in  this  pipe.  The  receiver 
has  a  safety  valve  set  at  about  350  pounds,  so  this  determines  the 
maximum  pressure  that  can  be  used  with   the  present  arrangement. 

The  orifices  are  all  made  with  the  length  of  the  cylindrical  part 
one  and  one-half  times  the  diameter  and  with  a  radius  of  the  rounded 
approach  equal  to  the  diameter.     The  orifices  were  carefully  made  by  a 
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Fig.  I.  — Apfakatus  kor  the  Mk; 


204      Results  of  Tests  Made  in  the  Engineering  Laboratories, 

skilled  workman,  care  being  taken  to  avoid  any  scratches  which  might 
affect  the  passage  of  air.  When  finished  the  diameter  of  each  was 
carefully  determined  by  fitting  an  arbor  of  slight  taper  into  the  hole 
and  calipering  the  arbor  with  a  micrometer  caliper.  At  the  centre 
of  the  straight  cylindrical  part  of  the  orifice  is  a  hole  ^^^-inch  in 
diameter,  drilkd  at  right  angles  to  the  axis  of  the  orifice  and  con* 
nected  by  piping  to  a  pressure  gauge. 

The  reservoir  and  receiver  were  fitted  with  gauges  and  thermom- 
eters. These  instruments  were  carefully  calibrated  and  the  correc- 
tions applied  to  all  the  readings.  The  volume  of  the  receiver  and 
each  of  the  twelve  tubes  was  obtained  by  weighing  the  amount  of 
water  of  known  density  necessary  to  fill  them,  and  that  of  the  piping 
was  calculated  from  careful  measurements.  The  total  volume  of  the 
twelve  tubes  and  the  piping  down  to  the  throttle  valve  is  49.11  cubic 
feet  (f^),  and  of  the  receiver  and  piping  from  the  throttle  valve  is 
41.14  cubic  feet  (JT,). 

To  make  an  experiment  the  orifice  was  first  closed  with  a  wooden 
plug  held  against  it  by  means  of  a  lever,  and  then  the  pressure  and 
temperature  6f  the  air  in  both  the  receiver  and  the  tubes  forming  the 
reservoir  were  recorded.  Air  was  next  admitted  to  the  receiver  until 
the  desired  pressure  had  been  obtained,  when  the  orifice  was  uncov- 
ered and  a  stop  watch  was  started  simultaneously.  Readings  were 
then  taken,  at  half-minute  intervals,  of  the  pressure  in  the  orifice  and 
of  the  pressure  and  temperature  in  the  receiver.  At  the  close  of  the 
test,  produced  by  closing  the  throttle  valve,  the  watch  was  stopped, 
and  at  the  same  time  final  readings  were  taken  of  the  pressure  and 
temperature  in  the  receiver.  During  the  test  the  pressure  was  kept 
nearly  constant  by  regulating  the  throttle  valve,  but  the  temperature 
in  the  receiver  would  rise  rapidly  at  first  and  then  gradually  fall  again 
as  colder  air  came  in  from  the  reservoir.  At  the  close,  after  the 
temperature  in  the  supply  tubes  had  become  constant,  a  final  reading 
was  taken  of  the  pressure  and  temperature.  As  it  takes  some  two  or 
three  hours  to  fill  the  tubes  to  a  pressure  of  2,500  pounds  to  the 
square  inch,  and  only  about  3  minutes  to  empty  them  with  a  |-inch 
orifice,  it  was  found  advantageous  to  save  as  much  of  the  air  as 
possible ;  so  at  the  end  of  some  of  the  tests  the  plug  was  replaced 
before  all  the  air  had  escaped  from  the.  receiver.  This  accounts  for 
the  initial  pressure  (P^  so  often  being  different  from  atmospheric 
pressure. 
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The  air  was  supplied  by  a  three-stage  Norwalk  Air  Compressor, 
and  contained  from  day  to  day  varying  amounts  of  moisture  and  also 
of  cylinder  oil.  It  was  assumed,  in  working  up  the  results,  that  the 
air  followed  the  law  of  perfect  gases  up  to  200  pounds  pressure  on 
the  square  inch,  and  that  above  200  pounds  it  follows  the  same  devia- 
tion as  the  dry  air  experimented  upon  by  E.  H.  Amagat.  Interpo- 
lating the  pressures  in  Amagat's  results  gave  the  specific  volumes 
( ^i»  ^2)  ^^  3^°  ^'  From  these  and  the  observed  temperatures  were 
obtained  the  densities  of  the  air  in  the  reservoir  before  and  after  the 
test  {w^  and  ze/j,  respectively),  and  also  in  the  receiver  before  start- 
ing and  at  the  moment  the  throttle  valve  was  closed  {w^  and  ze^g, 
respectively). 

The  weight  of  air  that  has  passed  the  orifice  is  equal  to  that 
which  has  left  the  tubes  minus  the  increase  of  weight  in  the  receiver, 
or  the  weight  per  second  is 


G  =  -g-T^t  ('^i  —  ^2)  —  K  i'^z  —  ^'o)] 


where 


G  =:  pounds  of  air  passing  orifice  per  second. 

S  Bs  duration  of  test  in  seconds. 

y^  =  volume  of  reservoir  =  49.11  cubic  feet. 

y^  =  volume  of  receiver  =  41.14  cubic  feet. 

wi  =  weight  of  1  cubic  foot  oi  air  in  tubes  at  start. 

W2  SB  weight  of  1  cubic  foot  of  air  in  tubes  at  close. 

n^  =3  weight  of  1  cubic  foot  of  air  in  receiver  at  close. 

Wo  =  weight  of  1  cubic  foot  of  air  in  receiver  at  start. 

In  the  accompanying  tables  the  tests  given  by  date  were  made 
by  the  Seniors  as  part  of  the  regular  laboratory  exercises ;  those 
designated  by  numbers  are  taken  from  the  thesis  of  Messrs.  Putnam 
and  Sweetser.  Although  the  observations  are  not  sufficiently  numer- 
ous to  justify  the  final  establishment  of  new  equations,  they  still 
permit  of  one  or  two  interesting  deductions. 

When  the  pressure  in  the  receiver  was  more  than  twice  the 
atmospheric  pressure,  a  condition  fulfilled  in  all  these  tests,  Fliegner 
found  that  the  pressure  in  the  orifice  was  always  the  same  propor- 
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tionate  part  of  the  pressure  in  the  receiver.  The  present  observa- 
tions not  only  bear  out  this  statement,  but  seem  to  show  that  there 
is  a  different  ratio  for  each  orifice. 

If  the  results  are  plotted  with  the  average  receiver  pressure 
(Pg  average)  as  abscissae  and  pounds  of  air  per  second  (G)  as  ordi- 
nates,  it  is  possible  to  give  a  close  approximation  to  the  results  by  a 
series  of  straight  lines,  one  for  each  orifice,  converging  at  the  origin. 
A  general  expression  for  the  results  is,  then,  of  the  form  G  =^  C.  P.  {i). 
The  thermodynamic  equation  for  the  adiabatic  flow  of  air  through  an 
orifice  is 


<^ = -  Vf-  «-^  [(>r)^  -  m^if 


A  =  area  of  orifice  in  square  inches. 

K  =  1.405  the  ratio  of  the  specific  hea's. 

i?  =  53.22. 

T=s  absolute  temperature. 

/'ss  absolute  pressure  per  square  inch. 

The  above  equation  can  be  made  to  represent  the  flow  where  the 
expansion  is  not  quite  adiabatic  nor  frictionless,  as  shown  by  Zeuner, 
by  writing  it  in  the  form 


where  n  <  fc  and  to  be  determined  by  experiment.      Equation  (2)  has 
the  form 

area  /\  a-'-       r% 


By  comparing  equations  (3)  and  (i),  it  is  evident  that  the  con- 
stant {C)  embraces  the  area  of  the  orifice,  the  temperature  at  which 
the  experiments  were  made  and  a  certain  constant  {k^  dependent 
upon  the  size  of  the  orifice. 

As  all  the  results  may  thus  be  represented  by  equation  (3),  it 
would  be  easier  to  determine  the  value  of  {k^  from  a  plot  if  the  effect 
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of  the  varying  temperature  were  eliminated.     The  value  of  {G)  has, 
therefore,  been  corrected  to  32°  F.  by  means  of  the  equation 


J  7;  average 
—  /^   ^ 

\/4927 


G^  =  G 


It  is  hoped  in  the  near  future  that  enough  data  will  be  collected 
on  different  orifices  to  finally  establish  the  values  of  the  constants  in 
the  above  equations. 
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FLOW  OF  AIR  THROUGH  AN  ORIFICE. 
Diameter  of  orifice,  0.1890  inch. 
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FLOW  OF  AIR  THROUGH  AN  ORIFICE. 
Diameter  of  orifice,  0.2515  inch. 
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HiRN  Tests. 


The  object  of  these  tests  is  to  show  the  interchange  of  heat  be- 
tween the  steam  and  the  walls  of  the  cylinder  during  the  different 
parts  of  the  stroke. 

A  complete  description  of  the  manner  of  conducting  such  tests, 
together  with  the  thermodynamic  equations  used  in  calculating  the 
results,  will  be  found  in  the  Technology  Quarterly,  Vol.  IX, 
pp.  43  to  50. 

The  tests  here  given  form  a  part  of  a  series  which  have  been 
made  on  a  9"-  16" -24"  x  30"  triple  expansion  engine  of  the  Corliss 
type,  made  by  the  E.  P.  Allis  Company. 

The  report  of  tests  No.  I  to  IV  will  be  found  in  the  Technology 
Quarterly,  Vol.  IX,  and  of  tests  V  to  XII  in  Vol.  XIII. 

These  four  tests  were  made  with  the  engine  running  as  a  com- 
pound, the  low  pressure  cylinder  being  cut  out. 

The  dimensions  of  the  engine  are  as  follows  : 

High  Pressure  Cylinder. 

Dia.  of  piston  =  8.99".     Dia.  of  piston  rod  =  2.19".     Stroke  =  30". 
Piston  displacement :  H.  E.  =  1.102  cu.  ft.  ;  C.  E.  =  1.037  cu.  ft. 
Clearance  in  %  of  P.  D.  :  H.  E.  =  8.83  ;  C.  E.  =  9  76. 
Engine  constant :  H.  E.  =.004809  ;  C.  E.  =  .004524. 

Intermediate  Pressure  Cylinder, 

Dia.  of  piston  =  16.01".     Dia.  of  piston  rod  =  2.19".     Stroke=  30". 
Piston  displacement :  H.  E.  =  3-495  cu.  ft.  ;  C.  E.  =  3.430  cu.  ft. 
Clearance  in  %  P.  D. :  H.  E.  =  10.4 ;  C.  E.  =:  10.9. 
Engine  constant :  H.  E.  =  .01525  ;  C.  E.  =  .01497. 

Low  Pressure  Cylinder. 

Dia.  of  piston  =  24.063".     Dia.  of  piston  rod  =  2. 16".     Stroke  =  3o'^^ 
Piston  displacement :  H.  E.  =  7.894  cu.  ft.  ;  C.  E.  =  7.831  cu.  ft. 
Clearance  in  %  P.  D. :  H.  E.  =  12.18  ;  C.  E.  =  12.27. 
Engine  constant :  H.  E.  =  .0345  ;  C.  E.  ^  .03417. 
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Test  Nvmbbb. 


Daradon  of  test,  minates 
Total  number  of  revolutions 
Revolutions  per  minute     .     . 


Steam  consumptioii  during  test,  pounds : 

Passing  through  cylinders 

Condensation  in  h.  p.  jacket  .     .     .    . 

in  receiver  jacket .     .     . 

in  i.  p.  jacket    .    .    .    . 

Total 

Condensing  water  for  test,  pounds     .     . 
Priming,  by  calorimeter 


XIII. 


Temperature,  Fahrenheit : 

Condensed  steam 

Condensing  water,  cold 

Condensing  water,  hot 

Pressure  of  the  atmosphere,  by  the  barom- 
eter, pounds  per  square  inch     .     .    . 
Boiler  pressure,    pounds  per  square  inch, 

absolute 

Vacuum  in  condenser,  inches  of  mercury    . 

Events  of  the  stroke,  per  cent.: 

High-pressure  cylinder — 

Cut-off,  crank  end  .     .     . 

head  end  .     .     . 

Release,  both  ends     .     . 

Compression,  crank  end 

head  end  . 

Intermediate- pressure  cylinder  — 

Cut-off,  crank  end 

head  end 

Release,  both  ends 

Compression,  crank  end     .     .    . 
head  end  .... 


Absolute  pressures  in  the  cylinder,  pounds 
per  square  inch: 

High- pressure  cylinder  — 

Cut-off,  crank  end 

head  end   ....... 

Release,  crank  end 

head  end 

Compression,  crank  end 

head  end 

Admission,  crank  end 

head  end 


60 
5,193 

86  55 


757.5 
46.6 
74  4 
638 


XIV. 


942  3 
21,345 


71.2 
46.4 
846 

14.79 

134.8 
25.86 


10  4 

8.5 

100  0 

7.0 

9.0 


2ao 

27.0 

100  0 

7.0 

7.0 


127.8 
122  8 
27  1 
22  8 
27  6 
268 
42.6 
538 


60 
5,192 
86  53 


744  0 
45.5 
67.0 
616 


918.1 

20.574 

.7% 


71.5 
463 
86.3 

14  80 

1348 
25.59 


XV. 


10  3 

8.4 

100.0 

7.0 

9.0 


280 
27.0 
100.0 
10.0 
10  0 


123.8 
120.3 
26  6 
22  6 
25.5 
263 
45.0 
55.3 


60 
5,027 
83.78 


1085.0 
47.2 
91.0 
73.3 


1296.5 

28,973 

1.1% 


76.4 
46.1 
85.6 

14.78 

133  5 
2561 


XVI. 


22.9 

23.6 

100.0 

7.0 

90 


21.0 

200 

100.0 

7.0 

70 


1233 
119.7 
41.3 
39  3 
447 
44  5 
66.9 
93.7 


60 
5,042 
84  03 


1057.5 
49.6 
92.6 
72.1 


1271,8 

30,768 
l.( 


74.9 
46.1 
83.0 

14.79 

133.5 
25  59 


22.5 

22.2 

100.0 

7.0 

9.0 


20.5 
20.5 
100.0 
10.0 
10.0 


123  3 
1206 
41.9 
38.0 
44.6 
43.6 
67.6 
90.0 
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Tbst  Numbbs. 


Intennediate- pressure  cylinder  — 

Cnt-off,  crank  end 

head  end 

Release,  crank  end 

head  end 

Compression,  crank  end 

head  end 

Admission,  crank  end 

head  end 

Heat  equivalents  of  external  work,  B.  T.  U. 
from  areas  on  indicator  diagram  to  line  of 
absolute  vacuum : 


High- pressure  cylinder  — 

During  admission,  A  fVa,  crank  end 

head  end 

During  expansion,  A  Ws,  crank  end 

head  end 

During  exhaust,  A  tVc,  crank  end  . 

head  end  . 

During  compres'n  A  IVj,  crank  end 

head  end 

Intermediate- pressure  cylinder  — 

During  admission,  A  IVa,  crank  end 

head  end 
During  expansion,  A  fVt,  crank  end 

head  end 
During  exhaust,  A  IVg,  crank  end  . 

head  end  . 
During  compres'n,  A  IVd,  crank  end 

head  end 


Quality  of  the  steam  in  the  cylinder.  At 
admission  and  at  compression  the  steam 
was  assumed  to  be  dry  and  saturated : 

H  igh- pressure  cy  1  i nder  — 

At  cut-off x\    ,     .    . 

At  release xj    .     .     . 

Intermediate- pressure  cylinder  — 

At  cut-off jTi    .     .     . 

At  release xs    .     .     . 


XIII. 


19.9 
20.1 
7.1 
6.5 
24 
2.5 
5.6 
7.2 


2.73 
225 
8.87 
8(H 
4.54 
4.47 
0.58 
0.74 


4.07 
409 

4  98 

5  05 
1.51 
1.61 
0.17 
0.31 


XIV. 


XV. 


XVI. 


.656 
.850 


.856 
.898 


203 
20.6 
6.4 
6.3 
2  5 
2.6 
5.6 
7.2 


2.64 
233 
8.92 
8.11 
4  62 
4.51 
0.55 
068 


4.11 
4.10 
4.98 
5.02 
1.64 
1.54 
0.18 
0.26 


.651 

.847 


.889 
.859 


36.0 
35.4 
10.3 
8.9 
36 
2.8 
7.5 
7.8 


5.86 
6  22 
9.90 
9.52 
7.53' 
7.50 
0  92 
1.38 


5.41 
5.10 
8.78 
8  49 
217 
1.78 
0  30 
0.34 


.740 
.889 


.820 
.846 


36.8 
35.4 
10.3 
9.0 
3.2 
2.7 
7.5 
7.8 


5.71 
5.89 
9.67 
9.43 
7.28 
7.34 
0.83 
111 


5.25 
5.15 
8.78 
8.33 
2.25 
183 
023 
0.38 


.746 
.910 


.856 
.882 
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Tbst  Numbbk. 

XIII. 

XIV. 

XV. 

XVI. 

Interchanges  of  heat  between  the  steam  and 

the  walls  of  the  cylinders  in  B.  T.  U. 

Quantities  affected  by  the  positive  sign 

are  absorbed  by  the  cylinder  walls ;  quan- 

tities affected  by  the   negative  sign  are 

, 

yielded  by  the  walls: 

High-pressure  cylinder  — 

Brought  in  by  steam    .     Q      .     .    . 

86.2 

84.7 

127.3 

123.8 

During  admission    .     .     Q^     .     .     . 

262 

260 

28.1 

26.9 

During  expansion    .     .     ^«     .     .     . 

—18.4 

—18.5 

-21.7 

—22.8 

During  exhaust  .     .     .     Q^     .     .     . 

—103 

—100 

—9.6 

-7.3 

During  compression     .     ^</     •     •     . 

0.6 

05 

1.0 

0.8 

Supplied  by  jacket  .     .     ^y    .     .     . 

3  9 

38 

4.0 

4.2 

Lost  by  radiation     .     .     ^«     .     .     . 

L8 

1.8 

18 

1.8 

First  intermediate  receiver  — 

Supplied  by  jacket  .    .     Qjr  .     .     . 

6.2 

5.6 

7.8 

7.9 

Lost  by  radiation     .     .     QtR  .     .     . 

1.3 

.    13 

1.3 

1.3 

Intermediate- pressure  cylinder  — 

Brought  in  by  steam     .     Q'     .     .     . 

87.2 

85  0 

128  8 

1257 

During  admission     .     .    *Q'a    .     .     • 

14  3 

11.1 

23  8 

20.1 

During  expansion     .     .     Q'b    • ,  •     • 

-67 

—16 

-8  5 

8.5 

During  exhaust   .     .     .     ^'r    •     •     • 

—10.1 

—118 

—18.8 

—19.3 

During  compression      .     Q'a   .     .     . 

0.2 

03 

0.3 

03 

Supplied  by  jacket  .     .     Q^j   .     .     . 

5.3 

5.1 

6.3 

6.1 

Lost  by  radiation     .     .     g',    .     .     . 

3.0 

3.0 

30 

3.0 

Total  loss  by  radiation : 

By  preliminary  test  .     ,     ^Qe       .     . 

6.1 

6.1 

6.1 

6.1 

Bv  eauation 

8.8 

4  0 

8  1 

6.5 

Power  and  economy : 

\^m  \^ 

»  •  w 

\j'  A 

V^v  ^ 

Heat  equivalents  of  works  per  stroke  : 

High- pressure  cylinder  A  JV    .     .     . 

5.90 

5.91 

7.10 

7  19 

Int.*  pressure  cylinder    A  IV '   .     .     . 

7.21 

7.21 

11.37 

11.79 

Totals 

13.11 

13.12 

18.47 

18.98 

Total  heat  furnished  by  jackets   .     .     . 

15.3 

14  4 

18.1 

18.3 

Dbtribution  of  work : 

High- pressure  cylinder 

1.00 

1.00 

1.00 

1.00 

Intermediate-pressure  cylinder  .     .     . 

1.22 

1.22 

1.64 

1.60 

Total  horse- power 

53  57 

53  53 

75  01 

73.22 

Steam  per  horse-power  per  hour  .     . 

17.6 

17.2 

173 

17.4 

B.  T.  U.  per  horse- power  per  minute  . 

305.0 

298  0 

300.9 

302  3 

B.  T.  U.  per  horse- power  per  minute, 

2  pounds  absolute 

302.7 

295.4 

299.6 

300.8 
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Engine  Tests. 

The  tests  made  on  the  Triple  Expansion  Engine  run  as  a  com* 
pound,  the  low  pressure  cylinder  being  cut  out,  show  the  economy  of 
this  engine  when  running  under  the  following  conditions : 

(i)  No  jackets  on  the  cylinders  and  none  of  the  heating  surface 
of  the  reheater  used,  the  boiler  pressure  being  approximately  100 
pounds  per  squail'e  inch  by  the  gauge. 

(2)  The  same  conditions  as  in  (i),  with  the  exception  of  the  boiler 
pressure,  which  was  approximately  120  pounds  per  square  inch  by  the 
gauge.  . 

The  dimensions  of  this  engine  are  given  in  connection  with  the 
Hirn  tests.  A  description  of  the  reheater  has  also  been  given  in 
the  Technology  Quarterly,  Vol.  XL 

The  Tandem  Compound  Engine  has  the  high  pressure  cylinder 
only  jacketed,  and  a  coil  of  pipe  is  used  to  reheat  the  steam  in  the 
receiver.  The  tests  show  the  economy  of  this  engine  when  running 
under  the  following  conditions  : 

(i)  No  jackets  used  on  high  pressure  cylinder  and  coil  not  used 
in  the  receiver,  the  boiler  pressure  being  approximately  100,  pounds 
per  square  inch  by  the  gauge. 

(2)  Jackets  used  on  the  high  pressure  cylinder  and  coil  used  in 
th^  receiver,  the  boiler  pressure  being  approximately  120  pounds  per 
square  inch  by  the  gauge. 

The  dimensions  of  this  engine  are  : 

High.  Low. 

Diameter  of  piston,  inches       .......    ^     .       11  19 

Diameter  of  piston  rod,  inches 1.63  2 13 

Stroke,  inches 15 

All  the  tests  were  of  60  minutes'  duration,  indicator  cards  being 
taken  at  5-minute  intervals. 

'  The  plots,  Figures  2  to  5,  show  the  heat  consumption  per  horse- 
power per  minute  reduced  to  2  pounds  absolute;  one  plot  for  each 
engine  showing  the  variation  of  the  heat  consumption  with  the 
change  of  cut-off  on  the  high  pressure  cylinder ;  the  remaining  plots 
showing  the  variation  of  the  heat  consumption  with  the  indicated 
horse-power  reduced  to  2  pounds  absolute. 
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I. 


HMM-power  (*  lb*,  lb*.) 

-RcstTLT*  or  Tests  oh  k  Triplk  Expansion  Enoink   Rum  a 
Low-Pkessi7rk  Ctundik  Cut  out. 

Am  oMI  «B  e:rilBd*r  or  aa  nbaiHr.        Uppat  cum,  iw  Itw.  bolkr  pr«Hn ;  In 
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rUaden  or  nbcaUr.        Upper  com,  loalba.  bifiir  prcHun ;  Immr  curre.  liolli*. 


Engine    Tests. 


T13T8  OH 

A  TRIPLE  EXPANSION 

ENGINE. 

(LBK-prann  e^OaS-  en  «i.) 

Fl(iit«  I  ukI  1- 

1901. 
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TESTS  ON  A  TRIPLE  EXPANSION  ENGINE.    (Low-pressure  cylinder  cutout.)— C<»«c/«M£n/. 
'    Intbrmbdiatb  Pebssurb  Cylindbr  Usbd  a.s  Low-Prbssurb  Cvundbr. 


Datb. 
1901. 


Mar.  26 

Mar.  29 

Mar.  22 

May  16 

VLmx.  19 

Apr.  9 

May  17 

May  10 

May  9 

May  2 

May  7 

Apr.  26 

Apr.  25 

May  6 


• 

1 

1 
s 

0 
* 

e 

s 

ft* 

1 

8 

3 

i 

£ 

3 

ressure  at  compres- 
sion. 

er  cent,  of  steam  in 
cylinder  at  cut-off 

er  cent,  of  steam  in 
cylinder  at  release. 

• 

% 

a 

(^ 

• 

■ 

c 

1 

• 
• 

forse-power.    (Inc'i- 
cated.) 

.  T.  U.   per  H.  P. 
per  minute,  actual 
vacuum. 

.  T.  U.   per    H.  P. 
per  minute,  reduced 
to  2  lbs.  absolute. 

^i^ 

O4 

a< 

c^ 

&< 

O4 

d, 

S 

S 

S 

sa 

03 

.6 

38.9 

— «  5 

—88 

— 11.4 

36.1 

62.4 

563 

S»9 

13.9 

403. 

394. 

1-5 

20.0 

—1  9 

-8.9 

— 11.8 

34  3 

573 

5-95 

5.82 

«5^ 

377. 

374. 

3.7 

18.8 

0.1 

—8.2 

— II. 6 

34-7 

60.0 

7.05 

6.56 

17.2 

376. 

370. 

SO 

17.5 

2-5 

—8.1 

—11.4 

3S.6 

60.9 

7.35 

6.61 

17.8 

377- 

370. 

53 

185 

24 

— 7-9 

— 12.2 

38.4 

62.4 

8.33 

7.98 

20.6 

358. 

358. 

9-7 

27.5 

4-4 

-6.3 

— 12.4 

46.2 

61.0 

11.46 

11.49 

28.9 

347. 

347. 

12. 1 

23.0 

6.8 

— 11.9 

— II. 3 

44.0 

62.2 

11.72 

10.98 

28.4 

358. 

355. 

5-9 

18.8 

1.3 

-7-9 

— 11.7 

37  6 

64.6 

7.98 

7.36 

19.7 

359- 

3S7. 

48 

20.3 

— 0.2 

—8.0 

— II. 7 

348 

60.3 

7.92 

6.9a 

19. 1 

357. 

355- 

7.0 

«9  3 

a.5 

—7.4 

— 1 1.6 

37-8 

61.8 

8.77 

785 

21.4 

353- 

350. 

7.7 

>7.5 

4  I 

-78 

— II. 4 

37.8 

573 

9.13 

8.00 

21.8 

347- 

1 

347. 

13* 

19.8 

5.8 

—7.4 

—  II. 2 

405 

56.0 

10.9a 

10.37 

26.9 

347- 

343. 

«3-4 

20.8 

8.3 

—5.5 

— II. 7 

42.6 

63.1 

12.46 

11.33 

30.0 

347. 

344- 

"5 

«55 

15.0 

-S3 

— 11.4 

43  a 

61  8 

14.77 

12.97 

34-8 

35«- 

349- 
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TESTS   ON   A    ii"-i9"  x  15"   TANDEM    COMPOUND    ENGINE. 


k 

1 

X 

Steam  per  H.  P.  per 
hour,  including  jacket 
steam.    (Lbs.) 

Steam  through  cvlinders 
per  hour.    (Lbs.) 

Watbr  by  , 

Jackets. 

Revolutions  per  minute. 

Boiler    pressure    by 
gauge. 

1 

C 

9 
O4 

Vacuum  in  condenser. 
(Inches  of  mercury.) 

i 
1 

« 

V 

E 

B.  T.  U.  per  H.  P.  per 
minute  actual  vacuum. 

1 

Hone-power  reduced  to 
2  lbs.  absolute. 

i 

B.  T.  U.  per  H.  P  per 
minute,  reduced  to  2 
lbs.  absolute. 

Datb. 

High    jacket. 

Receiver    coil. 
(Lbs.) 

Mar.  25 

61.4 

aS-S 

1.568 

0 

0 

243.9 

102.7 

6.3 

24.9 

30.11 

458 

64.0 

442 

Mar.  26 

65.3 

24-4 

>»59f 

0 

0 

243.6 

103.0 

6.1 

24.5 

29.60 

436 

679 

423 

Apr.     9 

74. « 

24.1 

1,781 

p 

0 

242.7 

103.0 

8.6 

24.6 

29.62 

43  » 

76.4 

420 

Feb.  28 

765 

23.6 

1,806 

0 

0 

239.9 

102.0 

8.0 

25.4 

30.12 

424 

78.0 

4«7 

Mar.  22 

72.9 

*Z'S 

1,710 

0 

0 

242.3 

103.0 

8.1 

25.0 

29.86 

421 

74.7 

4?3 

Mar.    8 

75.0 

234 

».754 

0 

0 

241.8 

102.7 

9.2 

24.5 

30.07 

41.7 

78.9 

401 

Mar.  II 

95.4 

22.5 

a.«49 

0 

0 

239.0 

102.3 

12.7 

24.6 

29.30 

405 

96.9 

400 

Mar.  28 

90.7 

21.9 

»i985 

0 

0 

241.3 

102.9 

10.4 

24.6 

29.37 

393 

92.5 

387. 

Apr.    X 

93.2 

21.9 

2,038 

0 

0 

240.2 

103.3 

12.4 

25.0 

29.69 

393 

94.8 

38"* 

Mar.  18 

94.6 

22.3 

2,113 

0 

0 

240.6 

t02.8 

13.0 

25.0 

29.97 

401 

96.9 

393 

Mar.  19 

92.1 

22.7 

2,093 

0 

0 

240.1 

X03.1 

12.7 

25.0 

30.30 

406 

95.2 

397 

Mar.    4 

107.2 

21.4 

2,297 

0 

0 

236.6 

101.3 

15.1 

25- X 

29-94 

385 

109.0 

380 

Mar.  15 

104.6 

20.9 

2,192 

0 

0 

241.0 

102.4 

14. 1 

250 

2972 

376 

106.3 

372 

Mar.  29 

106.7 

20.9 

2>333 

0 

0 

238.3 

X03.0 

14.5 

25.0 

29.58 

376 

108.0 

373 

Mar.    7 

III. 9 

21.0 

2,354 

0 

0 

2367 

102.9 

»7.3 

24.6 

30.15 

376 

115.4 

368 

Mar.    5 

113.3 

ao  7 

2.342 

0 

0 

236.4 

I02.6 

16.6 

24.8 

29. 5 » 

37« 

114.8 

368 

Apr.     2 

120.9 

21.2 

2,567 

0 

0 

234.8 

103.0 

19.0 

24.9 

30.07 

s8o 

123.6 

375 

Apr.     4 

127.6 

20.8 

2,651 

0 

0 

232.1 

102.7 

21.8 

24.6 

29.50 

373 

129.6 

369 

May   16 

138.6 

20.8 

2,893 

0 

0 

23  I.I 

102.0 

25.0 

25.1 

30.05 

374 

140.7 

37  • 

May  13 

55.4 

26.4 

1,386 

46.6 

• 

*  29.4 

243-4 

123.8 

4-2 

24.9 

29.69 

471 

57.2 

458 

Apr.  29 

73-7 

22.9 

1,617 

38.8 

34.5 

2440 

122.0 

7-3 

25.6 

30.17 

410 

74.9 

405 

May     2 

84.6 

21.9 

1.780. 

33-3 

37-2 

2434 

121.2 

9-9 

24.5 

2959 

390 

85.9 

387 

May    9 

86.4 

22.1 

1,821 

46.0 

370 

242.0 

121.2 

10.6 

25.1 

30.00 

393 

88.5 

386 

Apr.  26 

91.S 

21. 1 

1.847 

46.1 

355 

243.8 

I2I.9 

11.7 

257 

30.18 

377 

92.6 

374 

May    6 

108.4 

20.9 

2,177 

43.7 

45-3 

240.8 

I2I.5 

15.2 

25.2 

29.77 

374 

109.7 

370 

May    7 

111.9 

20.9 

2,254 

44-3 

42.7 

24a  6 

121.5 

16.6 

24.8 

27.70 

373 

113.9 

369 

Apr.  12 

1298 

20.1 

2,523 

41.6 

42.8 

236.0 

124.6 

21.4 

254 

30.04 

360 

131.0 

358 

Apr.  22 

132.9 

ao.5 

2,603 

49-4 

72.6 

2377 

121. 3 

21.4 

25.0 

30.00 

366 

135.2 

361 

Apr.  23 

129.4 

20.3 

2.543 

47.0 

442 

238.6 

120.9 

20.2 

24.9 

30.13 

363 

132.1 

358 

Apr.  15 

131.4 

20.3 

2,576 

46.1 

49-4 

238.2 

124.4 

20.9 

25.3 

30.02 

364 

133.0 

361 

Apr.  16 

«37-3 

act 

2,675 

38.4 

48.5 

237.3 

124.0 

23.4 

25.1 

30.04 

360 

>39.3 

356 

May  14 

142.9 

19.9 

2,763 

36.6 

47-4 

239.1 

123.9 

24.5 

25.9 

29.97 

357 

143.9 

35S 

Apr.  II 

isa.i 

20.8 

2,655 

34- < 

49-9 

231. 1 

103.0 

23.8 

24.5 

29.97 

369 

135.6 

363 
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H.P.  HCOUCCO    TO     2     LBS.    AB&- 

Fig.  4.  —  Results  or  Tests  on  a  Tandkm  Compovnd  Engins. 
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Water  Ejector  Tests. 

The  following  tests  were  made  on  a  Hancock  Ejector,  size  No.  6, 
which  was  fitted  with  a  i-inch  feed  pipe  and  with  2-inch  suction  and 
discharge  pipes.  The  feed  water  was  measured  by  means  of  a  cali- 
brated tank.  A  small  steam  pump  was  used  for  forcing  the  water 
through  the  ejector.  The  amount  of  water  discharged  was  determined 
by  weighing.  The  pressure  heads  at  entrance,  suction,  and  discharge 
were  found  from  the  readings  of  Bourdon  gauges.  The  duration  of 
every  test  was  30  minutes,and  observations  were  taken  at  2-minute 
intervals. 


tests  on  a  water   ejector,  1901. 


E 

3 

S2S 

Entrance  head. 
(Feet.) 

Lift  at    suction. 
(Feet.) 

Lift  at   discharge. 
(Feet.) 

Water   fed  in    30 

minutes. 

Water  lifted  in  30 
minutes. 

Work  done  at  en- 
trance. 

(Fooi-pounds  per 
minute.) 

Work  done  at  dis- 
charge. 

(Foot-pounds  per 
minute.) 

Working  efficiency. 
(Per  cent) 

I 

iia.3 

2-7 

8.0 

6,aio 

4.3*0 

a3,a5o 

«.55o 

4.0 

a 

1148 

a-7 

7  5 

6,330 

3.440 

14,330 

890 

3-7 

3 

117.8 

a.8 

7a 

6,450 

a,ooo 

25.340 

670 

a-7 

4 

137.8 

3.« 

8.6 

6,9ao 

6,aio 

31,780 

a,4io 

7.6 

5 

M3-8 

a.9 

10.0 

6,950 

6,330 

33.340 

a, 7 10 

8.1 

6 

150.6 

a.8 

9.6 

7,110 

6,860 

35i7«o 

1,830 

7-9 

7 

171. 1 

3.a 

13.9 

7,650 

6,800 

43f6oo 

3.870 

8.9 

8 

171.5 

3.0 

130 

7»3ao 

7.460 

4i,8ao 

3,990 

95 

9 

«73-6 

a.a 

11.4 

7»5io 

8,140 

43.430 

3,660 

8.4        • 

10 

176.9 

a.8 

II. 8 

71640 

8,360 

4S,oao 

4.080 

9.1 

ZI 

185.3 

a.8 

11.8 

7.780 

8,570 

48,060 

4.190 

8.7 

la 

189. 1 

3.0 

ia.6 

7»86o 

8,080 

49.570 

.  S.«90 

8.5 

«3 

19a.  a 

3.a 

ia.6 

7»930 

8.900 

50,760 

4,670 

9.a 

«4 

191.7 

a.  I 

10.7 

7,800 

8,470 

50,130 

3.600 

7a 

«5 

196.3 

a.9 

14. 1 

8,a30 

9.380 

54.870 

5,3ao 

9'7 

z6 

107.1 

a.9 

ia.7 

7*780 

7.350 

53.740 

3,8ao 

7.' 

«7 

aa8.5 

3.3 

14.8 

8.470 

9,8ao 

64.550 

5,9ao 
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Tests  on  a  Portable  Device  for  Measuring  Water  under 

Pressure. 

The  apparatus  consists  of  2  feet  of  4-inch  steam  pipe,  to  the  dis- 
charge end  of  which  a  flange  was  screwed.  Between  this  flange  and 
a  second  one  bolted  to  it  was  inserted  a  brass  plate  containing  a 
standard   orifice.     The  apparatus  is  shown  in  Figure  6. 

The  water  was  supplied  to  this  orifice  pipe  through  a  2^-inch 
supply  pipe.  To  determine  the  pressure  acting  on  the  orifice,  the 
orifice  pipe  was  tapped  7  inches  behind  the  brass  plate.  The  pressure 
was  transmitted  from  this  section  through  suitable  piping  to  a  mer- 
cury column  the  scale  of   which  read  pounds  per  square  inch. 

These  pressure  readings  were  corrected  for  temperature.  The 
water  used  was  measured  in  a  calibrated  tank  of  250  cubic  feet 
capacity.      The    coefficients   were    obtained    by    substituting   in    the 

formula  Q^=z  C  A  '\2gh^  where  (0  is  the  cubic  feet  per  second, 
(C)  is  the  coefficient  of  discharge,  and  (A)  is  the  area  of  orifice  in 
square  feet  (.003595),  (£)  =  32.2,  and  (//)  is  the  head  as  calculated 
from  the  pressure,  velocity  head  being  negligible. 

The  temperature  of  the  water  varied  between  16°  and  20** 
Centigrade. 


tests «on  a  device  for  measuring  water 

UNDER  PRESSURE. 

Duration  of  test. 
(Minutes.) 

Cubic  feet  of  water 
during  test. 

Cubic  feet  of  water 
per  second. 

Pressure.    (Lbs. 
per  sq.  inch.) 

Head  as  calculated 
from  preasure. 

Coefficient  of 
discharge. 

30 

144. 1 

.0801 

9.2 

21. as 

.60a 

30 

i88.a 

.1045 

.     15.68 

36.ai 

.60a 

30 

ao7.7 

.1154 

19.10 

44-15 

.602 

30 

aoS.a 

.1157 

19.31 

44.6a 

.600 

ao 

i6o.a 

•  1335 

26.13 

60.39 

•595 

ao 

169.4 

.1411 

28.56 

65.98 

.603 

ao 

176.7 

.1472 

29.89 

69.08 

.600 

a5 

aa8.4 

.«523 

33.76 

78.63 

.598 

'4 

aa8.8 

.1589 

36.  a4 

«3.76 

.602 

ao 

»94-7 

.162a 

37.59 

86.80 

.604 

ao 

210.3 

.175a 

4404 

101. 7 

.602 

18 

193.6 

.179a 

46.1a 

106.6 

.602 

ao 

216.4 

.1803 

46.39 

107.3 

.604 

18 

ai3  0 

.197a 

55.62 

ia8.5 

.603 
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Fig.  6.  —  Portable  Device  for  Measuring  Water  under  Pressure. 


Torsion  Tests  on  Mild  Bessemer  Steel, 


231 


M            M 

-  M 

M 

M 

M 

s 

0 

CO 

s» 

Ok 

Wl 

* 

M 

M 

M 

Number  of  test 

M            M 

■               • 

M 
• 

M 
• 

M 

• 

M 
• 

M 
• 

Wl 

• 

•si 
Wl 

M 
• 

Wl 

• 
Wl 

M 
■ 

•k4 
Wl 

M 
• 

Wl 

M 
■il 

Wl 

M 
• 

Wl 

■ 

Wl 

• 
Wl 

• 

sj 
Wl 

Diameter  of  croM  Mo- 
tion.   (Ins.) 

1 

to 

• 

00 

• 

Wl 

M 

■ 

w« 

• 

w« 

Wl 
Wl 

Wl 

Ok 
w 

0 

m 

0 

Wl 

M 
■ 

• 

0 

Wl 

Wl 

kO 

• 

0 

IMstanoe  between  iawa. 
(In..) 

•8    '8 

^ 

% 

•8 

'8 

M 

0 

0 

0 

% 

M 

0 

0 

"8 

•8 

•8 

w 

0 

0 

Gauged  lengtli.     (Ins.) 

M          M          M 

A               M               M 

«»               «                « 

i  1  f 

M           M 
M          M 

?    1 

Wl 

8 

M 

M 

1 

M 

M 

8 

w« 

8 

M 

1 

w 

m 

1 

M 

M 

M 

M 

M 

t 

u 

M 

N 
t 

»4 

kO 

Elastic  limit.    (In.-lbs.) 

f    8 

M 

? 

M 
0 

00 

00 
0 

1 

M 
<> 

1 

8 

8? 

8 

M 

M 

Wl 

8 

.8 

8 

M 

y 

8 

M 
00 

8 

Outside  fiber  street  at 
eUstic  limit  (Lbs. 
per  sq.  in.) 

IS   ^ 
f   1 

0 

0 

1 
1 

Ok 

•si 

3: 

0 

Ok 

"1 

1 

5^ 

*00 

0 

Ok 

8: 

-3 

•8 

•S^ 

Maximum  twisting  mo- 
ment.  (In.-lbs.) 

^     o> 

1  i 

M 

? 

^ 

'S 

in 

0 

0 

3: 

Wl 

w 

Ok 
H 

w 

0 

f 

0 

Ok 

? 

8^ 
1 

Ok 
sj 

M 

Apparent  outside  fiber 
stress  as  calculated 
from  maximum  twist- 
ing moment.  (Lbs. 
per  sq.  in.) 

1,800 —  9,000 
1,800 — 20,520 
1,800 — 19,800 
1,800 — 12,600 
1,800 — 19,800 
1,800—21,960 
1,800—21,960 
1,800 — 19,800 

M 

\ 

! ! !  f ! ! ! ! 

i>    *     0    5»    r    •-    r    3P 

r  ri  1 1 M  r 

Limits  of  loads  for  cal- 
culating shearing 
modulus  of  elasticity. 
(In.-lbs.) 

M         M 

0          0 

Wl              M 
W               M 

M 
0 

M 

0^ 

M 

0 

M 

0. 

w 

0 

M 

0 

0 

M 

•• 

0 

M 

M 

0 

0, 

0 

0, 

*• 

w 

0 

>i 

0 

M 

0, 

Wt 

0 

Wl 

w> 
0 

M 

w 

0, 

0 

Ok 

M 
0 

0 

Angle  of  twist  for  dif- 
ference of  loads  used 
in  calculating  shear- 
ing modulus  of  ela*. 
tidty. 

M              M 
•4              M 

r  \ 
§  '§ 

•4 

1 

M 

1 

f 
1 

M 
M 

M 

0 

§ 

M 

M 
W 

§ 

M 

M 

r 
i 

M 

§ 

M 
M 

1 

>4 
M 

§ 

M 

0 

t 
"1 

M 

m 

i 

M 

§ 

M 

\ 
1 

m 

M 

0 

M 

i 

1 

1 

^hearing  modulus  d 
elasticity.  (Lbs.  per 
sq.  in.) 

00  ^ 

00    0 

00 

• 
• 
• 

00 

• 

8 

M 
M 
• 

M 

M 

n 

M 

• 
M 

M 

00 

M 

•4 

0 

• 

00 

0 

0 

• 

Wl 

00 

8 

0 

M 
Wl 

0 

« 

A. 
0 

P 

•8 

k4 

0 

• 

Wl 
Wl 

Number  of  turns  be- 
tween jaws  at  frac- 
ture. 

M         U 

•                      • 

M           M 

• 

<o 

• 
• 
• 
• 

»« 
^ 

M 

t 

M 

M 

• 

H 

0 

M 

■ 

0 

M 

• 

w 

M 

k? 

M 

• 

M 

• 

M 
M 

• 
M 

M 

• 

M 

M 

M 

kO 

• 
M 

Wl 

Turns  per  foot  between 
jaws  at  fracture. 

> 

r 
».♦ 

w 

«• 

X. 
m 
n 

X: 

> 

2- 

n> 

1 

Hi' 

O 

W 

o 
w- 

CO 
CA 

a 


r 

B0 

n 

CO 

CO 

w 

w 
99 

lit 

w 
p* 


232      Results  of  Tests  Made  in  the  Engineering  Laboratories, 


Q 

■< 
0Q 

o 
o 

H 

a 
o 

o 
o 

CO 

t; 

H 

o 

»•« 
CO 

P< 
O 
H 


*8jmptu;  }«  BMef 
QMMiaq  )oo|  J9d  tajiix 

7 

• 
N 

lA 

• 
M 

M 

■ 

(1 

1*. 

M 

M 
M 

■          ■ 

M           mm 

-9q   tun)   |o  jaquinji{ 

M 

• 

00 

00 
o6 

1A 

• 

i;. 

M 

M 

■ 

00 

•               • 

(ai  bs 
iad  tqq)     *X)p))««[9 
|0  tninpoiu  Sauvaqs 

§ 

n 

o' 

1 

M 
M 

1 

M 

M 

i 

1 

1 

M 
M 

1 1 
k  1 

M              M 

M              M 

•Xipij 
-sep  )o  TO|npoai  Sui 
-j«ai]«  9a{i«in3pn  a) 
pMii  tpcoi  yi  93a9ia| 
-jip  J0|  ifiA)  p  9i«av 

o 

'o 

M 

o 

m 

O 

M 

^0 

O 

M 

"5, 

M 

"o 

M 

o 

M 

ts        ts 

o       O 

M              •• 

(tqi-ai) 
-iC)p()««|9  ;o  ftiinpoai 
Saijvsqt    8aii«|n3 
>I«3  joj  tpvoi  jo'tiioiri 

1  i  J  1  ^  §  1  ^ 

M              M              M              M              M                                 MM 

aB>«^o5aD<ooBoe 

('u)  'bs  iad 
'*R1)     *)n9Uioai   Sa| 
•1S{M)  ammpnnu  inoj} 
p^icinopo  8«  ««aj)s 
iaq9  apn^no  )ttai«ddv 

8. 

n 
•n 

0 

1 

1A 

•A 

1. 

m 

1 

(••qi-'oi)    '^aaoi 
•oiu  9ap«{M)  ainiu}z«|i^ 

2 

i 

1 

1 

■B, 

1    ^ 

('ttf  'bs  Jiad 
)«  naiit  iaqi^  apjnno 

M 

M 

1 

Ok 

M 

m 

8 

n 

M 

i 

n 

M 

£     2 

ts            M 

n       m 

M              M 

(•qr«i)  -^miM^wia 

00 

M 

1 

M 

1 

n 

M 

M 

CI 

M 

^  1 

M              M 

(tai)    -qiSiiai  pa9n«o 

s. 

s; 

8. 

o 
m 

0 
ft 

s> 

0        0 

(••ni) 
*tM«(  uaoAiaq  aaavjtKj 

0 

lA 

0 

• 
M 

lA 

0      o 

(•tu|)    -aop 
-oai  tfojo  Y>  jaiatmna 

00 

• 

pa 

• 

M 

m 
■ 

M 

Is 

• 

M 

M 

in 

• 

M 

«.   "8. 

*          • 
m          M 

*l«9)  |o  jaqmn^ 

H 

t1 

M 

"* 

m 

« 

ts      00 

Torsion  Tests  on   Bessemer  Steel  Rod. 


233 


asia^'s'S^  a-i  s^^^Jii  s  8  a^  3^X5  5  =  5 


OOM   ^Wi  ^  Ot   M  M 


Number  of  test. 


Diameter  of  croas 
tion.    (Int.) 


«Sooo-ooppoopp-«prrrr.-rPopPPopP- 


Dbtence  between  jews. 
(Ins.) 


Gauged  length.   (Ins.) 


(«l  w  u»  (•* 
O  w«  O  O 


Elastic  Umit    (In.4bs.) 


'§lilll§il§§§§§§§l§§§§§§§lii§§§S§ 


Outside  fiber 
elastic   limit, 
per  sq.  in.) 


at 
(Lbs. 


S  O  »  8  M  wt  C  -Swi  »  w«  Sui  OW*4  MMUtJtMW  OWWi  Suiut^TSbo 


Maximum  twisting  mo- 
ment.   (In.-lbs.) 


Apinrent  outdde  fiber 
stress  as  calculated 
from  maximum  twist- 
ing moment  (Lbs. 
per  sq.  in.) 


8  8  8  8  8l  8  8  8  8  8  8  8  8a:'S'S'8  8'S  8''3'S0!  8  S-S  8  S^-S  S 


Limits  of  loads  used  in 
calculation  of  shear- 
ing modulus  of  elas- 
tiaty.   (In.4bs.) 


00000000000  o  o  000  0000000000000000 
5  otSJ:  otS  o  o,5J  8,«\ 6,0, 8,ut  00, o.w, 0,0, 0,0, 0,0,0,0,0,0, 0,0, 


Angle  of  twist  for  dif- 
ference of  loads  used 
in  oslculatlon  of  shear- 
ing modulus  of  elas- 
tidly. 


1 VI  Vil Vll  till  mil  §1  i  ilVilVll  i  %\ 


MM  MM  M  mmMMM»MMmhm  mmm 

MW<.Q   afi    O    Jt^^'X-fc.S    Stt>»JtW    O    000».£^Oex    MUl   MUtlS    SwTS    MM 


o  o^w* 


Shearing  modulus  of 
elastidty.  (Lbs.  per 
sq.ln.) 


Number  of  turns  be- 
tween jaws  at  frac- 
ture. 


0^<«M^AAMMaHO0«*00MMMHMHHMMMHp**MM0 
ooo**oo"*i"w^ww       7*  y  •    .  •        •    •    •    •    •    ^  •    ••    • 


Toms  per  inch  between 
jaws  at  fracture. 


H 

O 

w 

pM 

O 
^ 

H 

M 

CO 

O 
Z 

CA 
CO 

s 

H 
90 

CO 

H 

H 

r 

§ 

O 
O 
»« 

M 

JO 
M 


234     Results  of  Tests  Made  in  the  Engineering  Laboratories. 

Beams, 
transverse  tests  on  hard  pihe  beams. 


j 

i 

II 

lit 

fe 

I 

■s 

11 

1 

2 

11 

ill 

ffli 

« 

«M 

4.1.1 

.,-» 

..<»^  7.™ 

0.4IHJ 

,910,000 

■  B.4- 

6« 

41  111 

ij-o 

1,001.—  J.OOO 

ftlBtj 

/>3O,00O 

ii.Tto 

tK 

3lK.il 

•S-o 

I^OOO—  {.ODO 

oiii> 

,947.000 

16,61a 

«M 

i»U"H 

M-« 

.,ooo-lo.6« 

o.,7,g 

.7.*,™ 

1S...0 

69* 

4)x-'i 

■1-4 

},«»- r^cBo 

,    o-lMi 

■v- 

^» 

U-o 

SO»-6,s«. 
■fOcn-fcooo 

"JJM 

■SW^ooo 
,147,000 

JO  410 

7U 

4'» 

.6-0 

..cno-  9,«>D 

"■•nil 

JJO^O" 

JO..00 

J>4 

4>» 

■  S-o 

■.oao-ii^m 

..C89B 

.931.000 

17,900 

J'S 

4l-"l 

■  S-o 

.,o«,-7,0» 

O.MCH 

>i,aoo 

7.6 

4l  >  »I 

■  S-o 

'>™»— 1S.«« 

■-'*" 

.giS.ooo 

11,100 

TRANSVERSE  TESTS  ON  HARD  PINE  BEAMS. - CwcMM 


i 

•B 

1 

s 

1 

M»»er 
oIIohUdi;. 

Ruuib. 

il 

r 

p 

l-i- 

i 

a^ 

j«» 

•91 

.» 

7,160 

187 

A.«««. 

Transverse   Tests  on    Spruce  Beams. 

TRANSVERSE  TESTS  ON  SPRUCE  BEAMS. 


1 

•3 

1 

■8 

11 
ft 

1- 

11 

I 

i 

1 

6* 

11  lO 

■r^ 

.,o™-4.™ 

::ia 

i,<^,ooo 

8.3" 

'   I9H 

«,4<I0 

JOI 

Ij^ 

loo—  i.too 
6oo—  s.ios 

sua 

lUt^ooo 

7.3«o 

s.;»o 

7=3 

'  «s°i 

5  \Mb 

■  J— 6 

3 

•  ■«! 

.J-4 

joo-  j^™ 

:e 

SOO—  4.000 

J.aoo 

s 

ii 

:5 

joo—  lisoo 

:E 

.,s6.,ooo 

3 

S64to 

■  ,S»4,ooo 

7.J« 

..^  1:™ 

I.JSB.™ 

7.S 

sl<» 

i{^ 

ll^-ol^ 

°g^ 

1, 101.000 

1?'™ 

B 

1,000—  lisoo 

m8j,ooo 

*'46o 

6q> 

.J-o 

100—  ■,400 

O.J..O 

TRANSVERSE  TESTS  ON  SPRUCE  BSAUS.  —  CrmclMj^. 


236      Results  of  Tests  Made  in  the  Engineering  Laboratories. 


0^ 

\ 


& 

I 


M 

p<   I! 

M 

2  5 

SO 

«  S 

O  H 

gl 

SB   « 

S    g 

*    I 
^    I 

'J 

CO 

13 

M 

H 

H 

o 

0< 


1 

1 


1 

1 

^ 

s 

TJ 

8 

•s 
2 

1 

8 

1 

•s 

jj 

»• 

•a 

3 

is 

1 

• 

J3 

1 

a 
to 


B 

.a 


i 


M 

a 


a 


o 
0 


8 


e 

s 


loaii  ]o  AMiapga 


8 


in 


00 


•qilaaJis  aSuaAy 


in 


m 
n 

M 

m 


*p«oi  aroanxwn 


wt  «n  m  m  m   0 

••  ts  M  w»  «   « 

O^  to  w>  t«  Q  00 

•b  ih  flk  *  "k         '^ 


m  tn  wt  O 


,  o:2<« 

■•       «k       ik       Mk       « 

»  9^  w    0>  ft 


Q    y>9.00    QmO    Q    «ny»o    mMmOM 
ft    ttfi    iH^fo^tofi    fO^ioiAMtomm 

M       n       M 


o 
a 


I? 


i-. 


M 


« 

8 


•iiop{poo3 


•P4i  saoifds 


noo| 
jad  pouit  900  ID 
taini  |o  jaqaro^ 


*|niiiod 
J9d  |oa)  |o  ^Kiomj^ 


f*»  fO  ♦  'T  O 

4  ^  ^  <r  4 

•O  fO  fO  f*^  ^^ 

tft  ftA  10  «n  lA 

■  •  ■  •  • 

•O  fJ  •*•  fO  •o 


O     O     ft 

<f  4  4 


**  *  o   o 


inmoeoo    mmineOGO 

•  *••••■■  »_ 

•••     fl     !•>     to     to     to     ••>    fO     •*! 


I 


aO«oooeo    mfi    noooo    O 

M       M       M       M       d 


Ot%t>QO<t«nO»>fi^«OOM 


M       M       N       ft 


«t    (t    f< 


M    n 

N     ft 


*|Ba9  }0  jaqmnit 


lx>ao    0«0    M    (t    m^m^o    0.00    0«0    ••    ft    fo^m^    ix 

MMMMMMMMMM^nftflflflflfl 


Rope  Tests, 


237 


SV'S^St.^'^d:tdttt«»"'8^S:S:S^<S<8^&    ■   Nomberof  test 


U      M       M       M       M       M       M 


MWW>«^^N|^jt 


^t 


=   sjf   z   z  s   s|f    =   =   -   -||   s   »  2   :||   2   2   2| 


f 


Number  of  feet  pa* 
pound. 


O     Ml**     O     O    *■    4-    *• 


^    Wl    M    li*    * 


■h  f'  * 
o    o  •* 


*  *  ^  ••>. 

■  t         •  ■ 

M    («t     O    <«• 


Number  of  turns 
of  one  Btrmnd  per 
foot. 


1^ 

S*  I* 
flT  " 
■c  *** 

I  S    ' 


»^  ST 


mm       m       m       m       m^     m       m       m       m       m       m       *m       m       m       m       m       m       m       m       m       m       m       m       m^     ^ 
W     M      O      QewO*4k     mM*«4*4<^0      mW     0^>|      WOWIWI      O      M*      O 

O      OWl     O      O      OWlMUt     O      OMWlWlUt     OOtM     OWlUtUt     OWI      0      O 


o 


0^ 

s 


o 

-ST" 


o 

0 

I 

5" 

Q 


.-f 


B 


s- 


o 
B 

IT 

f 

8- 


i. 


% 


00 

IT 

0 

o. 

9 

I 


n 

or 


I 

i 


B* 
B 


r 

•1 


if 

s. 

St 

I 

9 

o 


I 


Condition. 


I 

•r 

8. 


Maximum  load. 


Average  atrengtli. 
(Lbs.) 


Efficiency  of  Icnot 
or  splice.  (Per 
cent.) 


H 

CO 

O 

!« 

H    *^ 
O     CO 

s  ^ 

?*? 

»  s 
i  2 

S  X) 


3 


a 

9 


238      Results  of  Tests  Made  in  the  Engineering  Laboratories. 


i 

9 

Ki 

1 

• 

4 

j; 

I 

< 

M 

Q 

1 

9 

I 

Si 


1 


« 

1 

« 

I 


Oh 

8 


1 
1 

ft 

I 

I 
0 


1 

1 

I 

I 

6 


s 

1 


8. 


(nuao 
4aj)  'aaiidfl  io 
|Ott3|  JO  idoapgg 


m 


•A 
lA 


>s 


A<  9 

O  " 

*  s 

2  M 

o  I 

H  e 

b]  IS 

H  H 
O 

M 

U 


o 


O 


O 
tn 


I 


o 

lA 


'peof  ainiii|xv|f| 


Jin«n«niAioO    O    mmQ    mmmiotniomeioiotAO    mmwt 
eiooflONO    moo     O    «oi«««rtno«i««0     (SfO^O    ^cnmOOoo    rom 


•8 


I 


*i      ^      ^      *i 

O    Q    O    P 


w    fa 

S2 


a  o 


o  . 


8. 


o 
c 

»• 

o 

•-1 


o  . 
a  - 

a- 

t3 


0 
M 


*  f          •  ! 

^  ^   8  ^ 

fl  q   a  c 

J«  J(   ,M  JM 


-  it 

•      ft.  s 


S2S2 


O 
0 

w 

I 


^   ««   «* 
000 

0     0     0 

M  M  M 

fa     »•     k 

«    y    V 

J  5.3 


'aopipoo^ 


•|oo; 
idd  pau)«  ano  |o 
sojni  |o  jaqunifii 


O     tft^O     mo     0^• 


ro   f»»    <•■    ■♦    ^ 


<«'    m   tn   lA   O 

■      •      >      •      • 


^    tn  %n   i*t 


'ponod 
lad  )3aj  |o  jaqurafii 


mmtnmmc««m<nmtnco    tno^mi/to    trti/)t#tmtno^t/tmw>t/i 

fO  f*>  10  CJ  C*J  to  m  fO  fO  fl  m  fO  fO  ffO  fi  ^  !*>  fO  to  m  m  f>  m  I"!  fO  CO 


Q 


11=  =  =  =  I-  i 


ooo'o'»rtf«oo'^o'#»n 


^;^ootCloo    fTiCiCrso'd'rCtf 

t%     m     n      m  MnNflHMMNfl 


^  ^  ^  :;  ii  ^'  s  ^  0  n*  ^  s  -S  S!  is  ^  fl  s  !;  ii 


^  g  s  ;i  ;i  Si 


')t9)  }Oj»qninfi{ 


Cement   Tests. 


239 


Cement   Tests. 

PORTLAND  CEMENT. -NEAT  CEMENT.    (TensJon.) 
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PORTLAND  CEMENT.  — NEAT  CEMENT.  (ComproMion.) 
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PORTLAND  CEMENT.  — SAND  TESTS.    (Tension.) 
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PORTLAND  CEMENT. - 

-SAND  TESTS.    (Compression.) 

Date  of  test. 

Brand. 

Parts  sand  to  one 
part  cement. 

Per  cent,  of  water 
used  in  mixing. 

• 

Time  of  set 

Breaking  strength. 
(2"  cubes.) 

Nov.    i6,  1900. 

Saylor's. 

12 

2  days. 

2,000 

Nov.    16.     " 

«< 

12 

3      fl 

2,100 

Nov.    16.      •• 

i< 

12 

2      '* 

2,500 

Nov.    16,     " 

14 

12 

2      If 

2/X» 

Nov.    12,     " 

<< 

12 

" 

2,400 

Nov.    12,      " 

l< 

12 

.      «i 

2,700 

Nov.    12,     •* 

t( 

12 

t      II 

2,200 

Nov.    12,     •' 

« 

• 

• 

12 

.      f« 

2,850 

Nov.    12,     " 

II 

12 

1      " 

a,38o 

Nov.     12,       " 

tl 

12 

.      fl 

2,aoo 

Nov.    12,     " 

<« 

12 

.      <i 

a.750 

Nov.     5.      " 

l< 

12 

c         " 

5.500 

Nov.     5,      " 

l< 

12 

.        fl 

5,670 

Nov.     5,     " 

" 

12 

K           " 

6,350 

Nov.     5,      " 

«f 

12 

C           " 

5.880 

Nov.     5.     " 

If 

12 

C         If 

5,810 

Mar.    30,  190 1. 

«• 

12 

I  year. 

10,000 

Mar.   30,     " 

l< 

12 

II 

12,000 

Mar.    30.     •• 

(1 

12 

I      " 

14,000 

Mar.    28,     " 

«l 

12 

If 

* 

10,800 

Mar.    28,      " 

11 

« 

12 

" 

1S.700 

Mar.    28,      " 

l( 

12 

K 

12,400 

Nov.   27,  1900. 

Keystone. 

12 

7  days. 

2,800 

Nov.    27,      " 

fl 

12 

II 

2,660 

Nov.    27,      " 

f< 

12 

7      If 

a,835 

Jan.     12,  J901. 

II 

12 

8      " 

2,000 

Jan.     12,      •' 

<< 

12 

8      " 

a,35o 

Mar.    28,     *' 

II 

12 

14      " 

2,410 

Mar.    28.      " 

M 

12 

14      " 

a.730 

Mar.    28,     '* 

tl 

12 

14      •' 

3.050 

Mar.    28,     " 

ff 

12 

14      " 

2,480 

Apr.     lo,      " 

II 

12 

2  months. 

3.a<» 

Apr.     10,      " 

II 

12 

_        ff 

2,800 

Apr.      4,      " 

l< 

12 

%        ** 

3»89o 

Apr.      4,      " 

fl 

12 

ff 

3.650 

Apr.      4.     " 

II 

12 

ff 

3,810 

Apr.      4,      " 

ff 

12 

X              '* 

3.»5o 
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THE  PULSOMETER    STEAM  PUMP. 

By  JOSEPH  C.  RILEY. 

The  idea  of  raising  water  by  condensation  of  steam  and  then 
forcing  it  to  a  further  elevation  by  the  direct  pressure  of  steam  on 
the  surface  of  the  water  originated  with  Captain  Thomas  Savery,  who 
in  1698  patented  his  celebrated  "fire  engine.'*  Properly  speaking, 
the  device  was  not  an  engine,  but  a  sort  of  pump,  the  forerunner 
of  the  present  pulsometer. 

It  consisted  of  two  closed  vessels,  supplied  with  steam  through 
valves  at  the  top,  and  provided  with  pipes  through  which  water  could 
be  drawn  in  and  discharged.  In  operating,  one  vessel  was  first  filled 
with  steam.  The  steam  valve  was  then  closed^and  a  spray  of  cold 
water  injected.  The  vacuum  formed  caused  water  to  rise  through  the 
suction  pipe,  filling  the  vessel.  The  spray  cock  was  then  closed  and 
steam  let  in,  pressing  upon  the  surface  of  the  water  and  forcing  it 
out  through  the  discharge  pipe.  By  aid  of  a  man  to  operate  the 
valves,  a  continuous  stream  could  be  maintained  from  the  two  vessels. 

In  those  days  the  demand  for  pumping  machinery  came  almost 
entirely  from  the  coal  mines,  where  great  need  was  felt  for  some 
form  of  mechanical  pump  to  take  the  place  of  manual  labor  or  animal 
power.  At  once  Savery*s  engine  found  a  useful  field,  but  its  enor- 
mous consumption  of  steam  by  useless  condensation  was  everywhere 
against  it,  and  moreover  the  very  limited  height  to  which  it  could 
force  water  made  it  quite  unfit  for  use  in  the  deeper  collieries. 
Newcomen's  atmospheric  engine  soon  provided  mechanical  power  in 
a  more  convenient  form,  and  engineers  from  that  time  gave  their 
attention  to  designing  pumps  of  the  piston  type.  Savery's  principle 
was  soon  abandoned,  and  no  other  successful  steam-vacuum  pump 
was  produced  for  nearly  two  hundred  years. 

In  1872,  Charles  H.  Hall  patented  the  pulsometer  in  a  form  which, 
though  it  has  since  been  slightly  altered,  has  remained  unchanged  in 
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its  essential  details.  Its  principle  is  simply  a  modification  of  Savery's 
original  idea,  improved  in  its  application  by  the  use  of  an  automatic 
steam  valve  in  place  of  valves  requiring  a  man  to  operate  them.  It  is 
no  longer  limited  to  small  lifts,  for  much  higher  steam  pressures  are 
now  available. 

A  pulsometer  of  the  old  style,  made  under  Hall's  patents  of  1872 
and  18S1,  is  shown  in  section  in  Figure  i.  It  consists  of  a  single 
casting  having  two  pear-shaped  chambers,  with  tapering  necks  bent 
toward  each  other,  and  sur- 
mounted by  another  casting 
in  which  the  two  passages 
unite  in  a  common  chamber. 
At  the  junction  is  a  brass 
ball,  which  oscillates  with 
slight  rolling  motion,  thus 
closing  either  of  the  two 
chambers  to  the  passage  of 
steam  from  the  supply  pipe 
above.  Water  is  drawn  in 
from  below,  through  the 
suction  valves,  one  of  which 
is  shown  in  section.  It  is  ex- 
pelled through  the  passages 
E  E,  through  the  discharge 
valves,  and  into  the  triangu- 
lar space,  shown  dotted,  and 
finally  is  delivered  through 
the  vertical  pipe.  A  foot 
valve  in  a  separate  casting 
Fio.  I.  below     the    pump    prevents 

return  of  the  water  in  the 
suction  pipe.  P  P  are  the  pumping  chambers.  The  circular  pass- 
age, S,  is  in  the  front  part  of  the  casting,  and  connects  with  the  air 
chamber,  marked  A.  Two  small  holes,  not  shown  in  the  cut,  ]:>ass 
from  beyond  the  discharge  valves  back  into  the  pumping  chambers. 
These  are  the  injection  tubes.  They  are  located  just  below  the  hori- 
zontal upper  edges  of  the  discharge  passages.  Into  the  three  small 
holes  near  the  top  of  the  chambers,  air  valves  are  fitted,  their  pur- 
pose being  to  admit  air  to  the  chambers  when  the  pressure  within 
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is  less  than  that  of  the  atmosphere.     The  amount  which  they  may 
open  is  adjusted  by  thumb  screws. 

The  operation  of  the  pulsometer  is  as  follows :  The  ball  being  at 
the  entrance  of  the  left-hand  chamber,  and  the  right-hand  being  full 
of  water,  steam  enters,  pressing  on  the  surface  of  the  water,  and 
forcing  it  out  through  the  discharge  passage.  A  rapid  condensation 
of  steam  occurs  from  contact  with  the  water  and  with  the  walls  of 
the  chamber,  previously  cooled  by  the  water.  When  the  water  level 
has  reached  the  horizontal  edge  of  the  discharge  passage,  a  large 
volume  of  steam  suddenly  escapes  and  is  at  once  condensed  by  the 
relatively  cold  water  between  the  chamber  and  the  discharge  valve. 
The  pressure  in  the  chamber  quickly  decreases ;  it  cannot  be  sus- 
tained by  steam  from  the  boiler,  for,  in  accordance  with  the  inventor's 
first  specifications,  the  steam  pipe  is  small.  If  now  the  pressure  in 
the  left  chamber  is  equal,  or  nearly  equal,  to  that  in  the  right,  friction 
caused  by  the  rapid  flow  of  steam  past  the  ball  will  draw  the  ball  over 
and  close  the  right-hand  chamber.  Cut  off  from  further  supply,  the 
steam,  in  contact  with  water,  begins  to  condense ;  a  jet  of  cold  water 
from  the  discharge  pipe  spurts  up  through  the  injection  tube,  and  by 
breaking  into  spray  against  the  side  of  the  steam  space,  completes  the 
condensation.  The  partial  vacuum  produced  brings  water  through 
the  suction  valve  to  fill  the  chamber ;  but  at  the  same  time  the  air 
valve  admits  a  little  air,  which  passes  up  ahead  of  the  water  and  forms 
an  elastic  cushion  to  prevent  the  water  from  striking  violently  against 
the  steam  ball.  The  air  chamber.  A,  is  for  the  purpose  of  preventing 
water-hammer  in  the  suction  pipe. 

In  the  manner  just  described,  the  pump  pulsates  regularly,  steam 
being  condensed,  mingling  with  the  water  and  passing  out  at  the 
discharge  pipe,  one  chamber  pumping  while  the  other  is  filling,  with 
no  external  evidence  that  the  pump  is  working  except  a  slight  clicking 
of  the  steam  valve  as  it  rolls  between  its  seats. 

The  pulsating  action  may  be  further  explained  by  reference  to  the 
indicator  diagrams  of  Figure  2.  These  were  taken  from  a  pulsometer 
like  that  shown  in  Figure  i .  Crosby  indicators  with  20-pound  springs 
were  used,  the  cords  being  pulled  simultaneously  and  uniformly  by 
mechanical  means.  The  indicator  pipes  entered  the  three  chambers 
near  their  highest  points.  Steam  at  a  gauge  pressure  of  2 1  pounds 
was  supplied  from  a  reservoir  close  at  hand.  A  pressure  on  the  dis- 
charge valves  of  12.4  pounds  was  obtained  by  an  actual  water  column^ 
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Fig.  2.  —  Indicator  Diagrams. 
i4^,  atmospheric  line;  i*/",  water  pressure  on  discharge  valves ;   KK,  vacuum  line. 
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not  by  pumping  against  a  partially  closed  valve.  From  the  cistern  to 
the  suction  valves  there  was  a  lift  of  4  feet ;  from  cistern  to  steam 
valve  measured  6  feet.  The  pump  was  pulsating  regularly  about  once 
a  second,  and  delivering  about  10  cubic  feet  per  minute.  The  total 
lift  was  33.1   feet. 

All  of  the  diagrams  are  to  the  same  scale.  The  first  three  are 
combined  in  the  fourth.  In  each  diagram,  A  A  \%  the  atmospheric 
line;  V  V^  the  absolute  vacuum  line;  P  Py  a  line  showing  the  water 
pressure  on  the  discharge  valves.  In  the  upper  diagram,  at  B^  the 
ball  rolls  to  the  right,  closing  the  right  side.  Steam  enters  the  left 
chamber,  raising  the  pressure  to  about  20  pounds  at  C  From  C  to  Z>, 
steam  forces  the  water  out  of  the  chamber,  but  the  increase  in  volume, 
due  to  an  increasing  diameter  of  the  chamber,  combined  with  a  more 
rapid  condensation  as  the  water  surface  spreads  out,  causes  a  down- 
ward slope  of  the  steam  line  from  C  to  D.  Meantime,  in  the  right- 
hand  chamber,  from  E^  the  pressure  dropped,  by  condensation,  to 
below  the  atmosphere.  Water  was  drawn  through  the  suction  valve 
and  air  admitted  at  the  air  valve  until,  at  F^  the  chamber  was  nearly 
filled,  or  perhaps  it  is  better  to  say  until  atmospheric  pressure  was 
reached. 

Driven  by  the  pressure  in  the  discharge  pipe,  water  continued  to 
be  forced  back  through  the  right  injection  tube,  compressing  the  air 
in  the  chamber  and  steadily  increasing  the  pressure  from  F^  to  B^. 
During  this  time,  from  D  to  E,  steam  had  been  escaping  from  the 
left-hand  chamber  into  the  discharge  pipe.  The  passage  of  the  steam 
is  not  uniform,  but  may  be  likened  to  the  gulping  flow  of  air  into  a 
bottle  when  filled  with  water  and  quickly  turned  neck  downward. 
This  supposition  is  confirmed  by  the  undulating  line  drawn  by  the 
indicator  from  below  D  X.o  E, 

At  Ey  the  pressure  in  the  left  chamber  was  still  a  little  greater 
than  that  in  the  right  at  the  same  instant,  but  friction  of  the  incoming^ 
steam,  or  the  impulse  given  by  it,  drew  the  ball  off  from  its  right-hand 
seat,  and  closed  the  left-hand  chamber.  Thus  one  pulsation  was^ 
completed. 

It  was  thought,  before  taking  the  diagrams,  that  the  air  chamber 
might  play  a  more  important  part  than  proved  to  be  the  case.  It  was 
found  that  the  air  valve  of  this  chamber  had  to  be  left  open  more  than 
either  of  the  other  two  in  order  to  prevent  water-hammer  in  the 
suction  pipe,  for  otherwise  the   supply  of   air   in  the  chamber  was 
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soon  exhausted.  This  chamber  is  merely  to  provide  an  air  cushion 
for  the  suction  and  produce  a  quiet  action  of  the  pump;  it  is  not 
absolutely  necessary  —  Hall's  original  pulsometer  had  none. 

.  Reference  to  the  lowest  diagram  will  show  what  is  happening  in 
all  three  of  the  chambers  at  any  instant.  The  shaded  areas,  above 
the  discharge  pressure  line  P  Py  show  when  water  is  being  forced 
through  the  discharge  valves.  About  one-fourth  of  the  distance  across 
the  diagram,  from  the  left,  the  pressure  in  the  left  chamber  rose  above 
the  discharge  pressure.  At  this  moment  the  pressure  in  the  right 
chamber  fell  below  the  atmosphere.  Thus  the  left  pump  began  to 
discharge  at  the  instant  when  the  right  began  to  draw  its  water  from 
the  suction  pipe.  But  the  left  had  emptied  and  steam  began  to  escape 
before  the  right  was  full.  This  should  not  be  the  case.  An  ideal 
diagram  would  show  one  side  discharging  while  the  other  is  filling, 
both  actions  beginning  and  ending  together,  and  instantly  upon  their 
completion  the  valve  should  shift  and  reverse  the  actions.  Delay  in 
moving  the  valve  after  the  forcing  action  was  completed,  produced 
the  great  waste  of  steam  between  D  and  E  of  the  upper  diagram 
when  steam  was  blowing  through  into  the  discharge  pipe,  and  no 
pumping  at  all  was  done.  (The  very  small  shaded  area  probably  rep- 
resents a  redischarge  of  water  which  had  flowed  back  into  the  pump- 
ing chamber.)  The  valve  cannot  leave  its  right-hand  seat  and  move 
toward  the  left  against  a  great  excess  of  pressure,  so  that  if  its  motion 
is  to  be  hastened,  the  suction  period  must  be  shortened  and  pressure 
in  the  chamber  which  has  just  filled  must  increase  faster  than  is. 
shown  by  the  sloping  lines  F^  B^,  This  might  be  accomplished  by 
closing  the  air  valve  and  not  allowing  any  air  to  enter.  The  better 
vacuum  thus  formed  would  cause  the  chamber  to  fill  more  quickly, 
and  fill  completely  with  water,  an^l  no  air  being  present,  the  back  flow 
through  the  injection  tube  would  at  once  raise  the  pressure  as  desired. 
But  unfortunately  such  action  is  impracticable  with  a  steam  valve 
of  the  ball  type.  If  no  air  is  admitted,  the  rising  water  strikes  the 
ball  a  violent  blow  and  lifts  it  bodily  from  its  seat,  producing  very 
irregular  pulsation  and  sometimes  stopping  the  pumping  altogether. 
Another  form  "of  steam  valve  which  is  hinged  at  its  top,  and  swings 
between  its  seats,  is  not  subject  to  this  objection,  and  has  been  found 
to  give  excellent  results.  Let  it  be  added  that  the  valve  of  this  par- 
ticular pulsometer  was  in  good  condition,  and  its  motion  was  quite 
free. 
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In  connection  with  the  time  taken  to  fill  a  chamber,  attention  is 
called  to  the  fact  that  the  indicator,  during  filling,  reached  10  pounds 
below  atmospheric  pressure,  although  the  lift  was  only  4  feet,  and  the 
suctioa  pipe  was  perfectly  clear. 

The  pulsometec  from  which  these  diagrams  were  obtained  was 
tested  in  January,  190  r,  at  the  Massachusetts  Institute  of  Technol- 
ogy. It  is  known  as  a  No.  4  Pulsometer,  of  the  old  style,  and  was 
built  by  the  Pulsometer  Steam  Pump  Company,  of  New  York.  It 
has  a  ^-inch  steam  pipe,  and  2^-inch  suction  and  discharge  pipes^ 
The  volume  of  each  pumping  chamber  from  steam  valve  to  upper  edge 
of  discharge  passage  is  0.2 11  cubic  feet.  Water  was  fed  from  a  large 
calibrated  tank  to  a  barrel  directly  underneath  the  pulsometer,  and  a 
constant  level  maintained  in  the  barrel.  The  possible  error  in  water 
measurement  was  less  than  i  per  cent. 

The  discharge  pipe  was  about  3  feet  long,  having  one  long  sweep 
bend  and  leading  horizontally  into  a  large  tank  connected  with  a  lo-inch 
standpipe.  Waste  vfilves  on  the  standpipe  made  it  possible  to  main- 
tain any  desired  hea4  with  a  fluctuation  of  not  more  than  one-tenth  of 
a  foot.  Steam  was  brought  from  the  boiler  through  an  orifice  ^^  inch 
in  diameter,  into  a  rqservoir  made  of  8-inch  pipe,  wrapped  to  prevent 
condensation.  A  shprt  piece  of  |-inch  pipe  led  from  there  to  the  pul- 
someter, where  it  wap  reduced  to  \  inch.  Especial  care  was  taken  to 
secure  perfectly  dry  steapi  in  the  reservoir.  Drip  cocks  on  the  pipe 
from  the  boiler  and  on  the  reservoir  served  to  drain  what  water  might 
collect  before  starting.  Expansion  on  passing  the  orifice  served  to 
dry,  and  in  some  cases  to  even  slightly  superheat  the  steam,  as  was 
shown  by  a  thermometer  in  the  reservoir.  Dry  steam  was  accordingly 
assumed  in  the  calculation  whenever  superheating  was  not  shown. 

The  quantity  of  steam  used  was  computed  by  means  of  the  rise  in 
temperature  of  the  water.  Two  Centigrade  thermometers  graduated  to 
tenths  of  a  degree  were  carefully  compared  with  each  other  and  placed 
one  in  the  suction  and  one  in  the  discharge  pipe.  The  readings  of  one 
were  acceptedi  as  read,  and  those  of  the  other  corrected  for  observed 
differences  in  the  readings. 

The  duration  of  each  test  was  about  20  minutes,  but  in  every  case, 
the,  pump  had  been  in  full  operation  under  constant  conditions  of  lift 
and  steam  pressure  for  at  least  10  minutes  before  beginning  the  test. 
The  air  valves  were  set  to  give  maximum  discharge  for  each  different 
steam  pressure  and  head  on  discharge  valves.     The  lift  from  barrel  to 
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suction  valves  was  4'  feet,  and  was  the  same'  on  ali  the  tests, 
fresh  water  at  a  temperature  of  about  70°  was  pumped! 
Results  are  given  in  the  following  table: 


Clear 


• 

,  I 

1 

3 

Total  lift  in  feet. 

Cubic  feet  pumped 
per  minute. 

Steam    in    pounds 
per  minute. 

Steam  pressure  by 
gauge     on  reser- 
voir. 

Excess     of    steam 
pressure  over 
water  pressure  on 
discharge  valves. 

Efficiency  as    a 
pump. 

Pulsations  per 
minute. 

Per   cent,    of    full 
capacity  per  pul- 
sation. 

1 

96 

1445 

3.10 

9.9 

7.6 

.00323 

85 

80  6 

■ 

2 

9.7 

16.84  . 

418 

15.1 

12  7 

.00283' 

100 

79  8 

3 

216 

8  39 

.  268 

12  8 

5.3 

00486 

50 

79.6 

4 

21.5 

10  04 

2.75 

15.3 

78 

.00564 

57 

834 

.  5 

21.5 

11.53 

288 

17.7 

10  2 

.00458 

62 

881  . 

^ 

32  9 

10  60 

5.18 

1 

24  2 

11.8 

.00479 

59 

85  3 

7 

32  9 

10  18 

4  62 

230 

10  6 

.00519 

57 

84  8 

8 

464 

7.10 

4.37 

231 

.   5.0 

. .00543 

48 

7.).1 

9 

46  6 

9.37 

4  70 

289 

10  7 

.00669- 

53 

83.7 

10 

46.7 

10.70 

5.71   • 

34.0 

15-7 

.00632 

• 

56 

9X6 

U 

60.0 

8  42 

4.65 

324 

83 

.00775 

49 

814 

12 

601 

914 

5  21 

34  0 

.98 

.00755 

52 

833 

13 

60  2 

10  14 

5  45 

37.5 

13  3 

.00802 

53 

907 

14 

72  5 

8  52 

511 

38,0 

85 

.00850 

53 

76.3 

15 

72  6 

9  19 

6.03 

42.7 

U.\ 

.00779 

54 

806 

16 

72  6 

9  33 

6  12 

42  8* 

13  2 

.00784 

54 

818 

17 

72  6 

10.02 

6.81 

46.8 

17  3 

.00760 

54 

88.1 

It  appears  that  for  each  discharge  head  there  is  a  certain  most 
effective  steam  pressure,  which  in  general  is  from  8  to  13  pounds 
higher  than  the  water  pressure  on  the  discharge  valves.  If  this  is 
exceeded,  irregular  pulsation  will  occur,  and  if  greatly  exceeded,  steam 
will  blow  continuously  into  the  discharge  pipe,  and  the  pump  will  fail 
to  operate.     The  effect  of  too  slight  an  excess  of  steam  pressure  and 
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consequent  slow  pulsation  is  ihdicated  in  the  low  efficiency  of  Test  8, 
caused  partly  by  long  contact  of  the  steam  with  the  water,  and  partly 
by  return  of  an  excessive  quantity  of  Water  through  the  injection  tubes 
during  the  suction  periods. 

The  efficiency  shown  in  these  tests  is  lower  than  those  about  to  be 
mentioned ;  but  it  must  be  remembered  that  the  pump  is  a  small  one, 
and  that  the  cards  show  an  imperfect  application  of  the  designer's 
principle,  though  perhaps  as  good  a  one  as  can  be  obtained  from  this 
pump. 

Hartmann  and.Knoke  give  results  of  tests  made  at  Bromberg  in 
1886,  on  a  pulsometer  of  Haussmann*s  patent.  This  pulsometer  had 
for  a. steam  valve  a  metal  piston  moved  horizontally  from  side  to  side 
by  the  difference  of  steam  pressure  upon  its  ends  which  were  con- 
nected by  small  passages  to  the  lower  part  of  the  pumping  chambers. 
The  size  of  the  pump  is  not  stated. 

The  results  obtained  are  given  in  the  following  table.: 


0 

i 
2 

•J 

u 

•44 

s 
1 

3 

1 

Cubic  feet  pumped 
per  minute. 

Steam    in    pounds 
per  minute. 

Steam  pressure  by 
gauge. 

1 

Efficiency  as  a 
pump. 

S. 

« 

a 

0 

21 

aB 
26 

is- 

lis 
466 

B.  T.  U.  per  min- 
ute given  up  by 
steam. 

1 

B,  T.  U.  necessary 
to  heat  water  and 
to  pump. 

1 

4.3 

51.2 

7.86 

3  24 

■ 
42.6 

.00877 

3.670 

2.300 

2 

5.7 

51.5 

8  18. 

3  41 

441 

.00871 

26 

2  34 

3,860 

1,220 

3 

7.0 

513 

5.41 

2  42 

44.1 

.00807 

21 

216 

2,740 

750 

4 

9.0 

51.7 

7.55 

3.60 

42.6 

.00767 

25 

4.32 

4,070 

2,060 

5 

9.2 

51.1 

6  41 

2  73 

44.1 

.00845 

23 

.52 

3,090 

233 

6 

10  6 

516 

8.39 

436 

41.2 

.00701 

30 

.63 

4,940 

364 

7 

126 

50.3 

10.42 

4.53 

41.2 

.00819 

42 

360 

5,130 

2,380  . 

8 

14.2 

51.3 

6.56 

283 

441 

.00838 

25 

1.26 

3,210 

540 

9 

14  4 

50.5 

11.09 

4.97 

368 

.00454 

44 

2.70 

5,620 

1,900 

10 

17.0 

49.8 

5.64 

2  37 

42.6 

.00837 

27 

2.70 

2,680 

970 

11 

18  7 

515 

6.84 

2  57 

44.1 

.00966 

28 

2.12 

2,910 

930 

The   intention    in    these  tests    seems   to    have    been  to  vary  the 
suction  lift  and  the  discharge  lift  without   changing  their  sum,  and 
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so  determine  the  most  advantageous  height  at  which  to  place  the 
pulsometer  in  order  to  secure  most  efficient  action.  This  is  an  im- 
portant question,  but  it  cannot  be  answered  from  the  results  of  these 
tests.  In  the  absence  of  more  complete  information  concerning  the 
accuracy  with  which  the  measurements  were  made,  it  is  impossible 
to  say  what  reliance  can  be  placed  upon  the  results.  It  is  certain, 
however,  that  the  heat  accounts  do  not  balance  well.  They  were 
computed  on  the  assumption  that  dry  steam  was  supplied,  and  that 
the  final  temperature  was  70**  F.  In  these  tests,  the  steam  used  was 
measured  at  the  boiler,  a  method  which  is  inexact  at  its  best. 

Tests  on  a  pulsometer  with  4-inch  suction  and  delivery  pipes  were 
made  by  students  of  Stevens  Institute,  under  the  direction  of  Profes- 
sor Wood,  in  1 89 1,  and  reported  to  the  American  Society  of  Mechan- 
ical Engineers.  The  steam  used  was  calculated  from  the  increase  in 
temperature  of  the  water.  The  water  pumped  was  measured  by  a 
meter.     A  summary  of  the  tests  is  given  in  the  following  table : 


\ 

1 

8 

0 

« 

e 

Ma 

discharge    lift   in 
feet. 

ubic  feet  pumped 
per  minute. 

leam    in   pounds 
per  minute. 

resaure  of  steam 
by  gauge. 

robable  excess  of 
steam      pressure 
over  water  pres- 
sure on  discharge 
Talvea. 

ulsations   per 
minute. 

fficiency  as  a 
pump. 

2 

M 

Q 

U 

(A 

-0. 

Oi 

0« 

H 

1 

12.3 

30 

36.1 

a98 

19 

6.0 

71 

.0120 

2 

12.3 

54 

16.6 

5.18 

30 

J56 

60 

.0155 

3 

19.7 

54 

20.4 

844 

44 

204 

57 

.0126 

4 

19.7 

30 

22.1 

5.67 

26 

13.1 

64 

.0138 

Of  the  first  two  tests  with  equal  suction  lifts,  the  one  having  the 
higher  discharge  lift  showed  the  greater  efficiency.  Of  Tests  i  and  4, 
with  equal  discharge  lifts,  the  one  having  the  higher  suction  lift 
showed  the  greater  efficiency.  Tests  3  and  4  were  made  with  equal 
suction  lifts,  but  in  3  the  discharge  lift  was  higher  than  in  4,  and  yet 
4  showed  the  greater  efficiency.  This  was  probably  due  to  too  large 
an  excess  of  steam  pressure  in  Test  3. 

At  an  industrial  exposition  held  at  Gorlitz  in  1885,  ^  very  large 
pulsometer  was  used  to  supply  water  for  an  artificial  cascade.  This 
pulsometer,  built  by  a  firm  of  German  engineers,  was  after  Hall's  pat- 
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tern,  but  had  an  improved  form  of  steam  valve,  consisting  of  a  tongue 
of  metal  suspended  at  the  top  and  free  to  oscillate  through  the  small 
space  between  the  valve  seats.  This  form  of  valve  was  mentioned  in 
the  discussion  of  valve  action  as  shown  by  the  diagrams. 

The  pumping  chambers  measured  23  inches  iti  diameter  at  their 
lower  ends,  and  had  each  a  volume  of  3.95  cubic  feet,  measured  from 
the  steam  valve  to  the  discharge  passage.  The  discharge  pipe  was 
1 1 1  feet  long,  Z\  inches  in  diameter,  and  had  several  elbows.  Two 
tests  made  by  Eichler  gave  the  following  results : 


Total  lift  in  feet 

Suction  lift  in  feet 

Cubic  feet  pumped  per  minute  . 

Steam  used,  pounds  per  minute 

Steam  pressure,  pounds  per  square  inch  above  atmosphere 

Probable  excess  of  steam  pressure  over  water  pressure  on  discharge 
valves  .        .        .        . 

Pulsations  per  minute 

Per  cent,  of  full  capacity  per  pulsation 

Foot  pounds  work  done  per  pound  steam  .        .        .        . 

Efficiency  —  assuming  dry  steam  and  a  discharge  temperature  of  70°, 


13  6 
40 


90 

23,700 

.0271 


29.5 

29.5 

33 

3.3 

141.3 

''    141.0 

'  11  0 

13  8 

235 

265 

16.6 

42 


85 

18.800 

.0215 


These  performances  are  considered  to  be  particularly  economical 
ones,  and  are  doubtless  due  in  part  to  the  immense  size  of  the  pul- 
someter, although  Eichler  ascribed  most  of  the  gain  in  efficiency  to 
the  favorable  action  of  his  pendulum  steam  valve.  In  these  tests  the 
lifts  were  constant.  No  greater  discharge  resulted  in  Test  2  than  in 
Test  I,  although  steam  of  higher  pressure  was  used.  It  is.  thought 
that  the  pressure  was  too  high.  Attention  is  called  to  the  excess  of 
steam  pressure  over  water  pressure.  Hartmann  and  Knoke  state  that 
this  excess  should  be  at  least  half  an  atmosphere,  and  better  still, 
three-quarters  or  a  whole  atmosphere.  This  may  be  compared  with 
the  results  obtained  at  the  Massachusetts  Institute  of  Technology. 

Mention,  at  least,  should  be  made  of  the  Grel  valve,  an  arrange- 
ment sometimes  placed  in  the  neck  of  a  pulsometer  above  the  steam 
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ball.  Its  action  is  analogous  to  that  of  an  independent  cut-off  valve 
on  a  steam  engine ;  it  shuts  off  the  steam  before  the  pumping  stroke 
is  completed,  allowing  the  steam  to  do  work  by  expansion  during  the 
remainder  of  the  stroke.  This  valve  is  said  to  effect  a  saving  of  over 
25  per  cent,  in  the  steam  consumption. 

Regarding  the  relative  efficiency  of  pulsometers  when  compared 
with  piston  steam  pumps,  in  spite  of  what  the  makers  claim,  actual 
tests  show  a  very  wasteful  record  for  the  pulsometers.  Eichler*s  large 
pulsometer  at  Gorlitz  gave  the  remarkably  high  efficiency  of  2.7  per 
cent.,  but  a  good  duplex  pump  of  the  same  capacity,  about  1,000  gal- 
lons per  minute,  may  easily  return  a  duty  of  28,000,000  foot-pounds 
per  1,000,000  thermal  units,  which  means  an  efficiency  of  3.6  per 
cent.  The  economy  of  smaller  pulsometers  is  very  much  less,  though 
of  course,  they  must  be  compared  with  the  class  of  piston  pumps  gen- 
erally used  for  handling  small  quantities,  that  is,  with  direct  acting 
piston  pumps  \vhich  operate  their  own  valves,*  not  with  duplex  pumps. 

But  notwithstanding  irs  wasteful  use  of  steam,  the  pulsometer  is 
well  qualified  to  compete  with  other  pumps  for  some  kinds  of  work. 
Its  entire  lack  of  moving  parts  or  rubbing  surfaces  is  a  great  advan- 
tage where  it  must  stand  rough  usage,  or  where  the  liquid  to  be 
pumped  contains  grit  or  sand.  Equipped  with  a  simpler  form  of  valve 
in  place  of  the  rubber  discs,  it  will  successfully  pump  very  thick 
liquids  or  semi-fluids,  such  as  heavy  syrups,  or  even  liquid  mud.  It 
is  often  used  in  chemical  works  and  tanneries  for  pumping  corrosive 
liquids.  For  temporary  work  in  draining  excavations,  or  in  emer- 
gencies, such  as  wrecking  operations  where  a  powerful  pump  must  be 
put  at  work  in  the  shortest  possible  time,  the  pulsometer  is  peculiarly 
adapted,  since  it  requires  no  foundation  whatever,  but  can  be  slung 
from  a  chain  and  supplied  with  steam  through  a  flexible  hose. 

Boston,  1901. 

HIBLIOGRAPHICAL    REFERENCES. 

Specifications  of  United  States  patents  131 519,  to  131 540,  132732,  440719,  452400. 

Illustriertes  Patent  Blatt.    January  to  June,  1881. 

Trans.  Amer.  Soc.  Mech.  Eng.     1892. 

Zeit.  des  Ver.  deu.  Ing.     1885. 

Berthot.    Traite  de  T  Elevation  des  Eaux.     Paris,  1893. 

Engineering.     November  10  and  24,  1893. 

Catalogue  of  the  Pulsometer  Engineering  Company  of  London. 

Schaltenbrand.     Der  Pulsometer.     Berlin,  1877. 

Ilartmann  and  Knoke.    Die  Pumpen.    Berlin,  1899. 

Portfeuille  des  Machines  de  1878. 

Portfeuiile  des  Machines  de  1882. 


Technology  Quarterly 


AND 


PROCEEDINGS  OF  THE  SOCIETY  OF  ARTS. 


Vol.  XIV.  DECEMBER,   1901.  No.  4. 

GEOLOGICAL   HISTORY   OF   THE    CHARLES  RIVER. 

By  FREDERICK  G.  CLAPP. 
[Concluded  from  page  201.] 

Tertiary  History  of  the  Charles  River  System. 


Having  deciphered  the  geography  of  the  region  included  in  the 
present  basin  of  the  Charles  River  as  it  was  at  the  beginning  of 
the  Pleistocene  period,  let  us  now  endeavor  to  verify  the  results 
obtained  by  going  back  to  the  Tertiary  period  and  showing  how  the 
Pleistocene  streams  could  be  developed  from  earlier  ones.  As  this 
period  is  more  remote  and  of  comparatively  long  duration,  and  as  the 
relics  of  many  of  the  old  valleys  have  long  since  disappeared,  it  is 
obviously  impossible  to  trace  in  detail  the  changes  during  that  time. 
The  best  that  can  be  done  is  to  show-  the  most  probable  changes  that 
could  bring  about  Pleistocene  conditions. 

I  have  shown  that  at  the  beginning  of  the  Pleistocene  period  the 
present  Charles  River  was  not  in  existence  ;  but  instead,  the  region 
was  drained  by  a  number  of  streams  of  varying  importance,  coinciding 
to  a  considerable  degree  with  the  geological  structure.  The  region 
west  of  Medway  was  drained  by  two  main  streams  flowing  south  to 
join  the  Blackstone  in  Rhode  Island ;  the  Populatic  flowed  south  from 
Holliston,  and  also  joined  the  Blackstone,  but  farther  east ;  the 
Baggistere  had  its  source  near  the  head  of  the  Populatic,  but  flowed 
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in  the  opposite  direction,  to  the  Neponset,  which  at  that  time  followed 
approximately  its  present  course  to  the  sea;  the  Merrimac  flowed 
southeast  from  Lowell  to  Boston  Bay ;  the  region  north  of  Dedham 
and  east  of  Needham  was  drained  by  an  independent  stream,  probably 
a  branch  of  the  Charles  ;  while  the  entire  area  now  comprised  in  the 
Sudbury  and  Assabet  basins  was  tributary  to  the  Charles,  and  thence 
to  Boston  Bay. 

To  attain  these  conditions  complex  developments  were  necessary, 
although  the  changes  were  probably  not  so  momentous  as  those  shown  by 
Professor  Crosby  to  have  taken  place  in  the  case  of  the  Nashua  River. 


Frc.    16.  —  MuRSE's  POND; 

The  Charles  differs  from  the  Nashua  in  not  having  such  a  strongly 
marked  and  simple  valley  as  the  latter.  Instead,  it  is  a  composite  of 
several  valleys.  While  with  the  Nashua  the  Tertiary  changes  were 
the  greatest,  in  the  Charles  those  of  the  Pleistocene  period  are  found 
to  be  the  most  important.  The  Tertiary  changes  which  did  occur 
cannot,  however,  be  neglected  here. 

When,  at  the  close  of  the  Cretaceous  period,  the  recently  formed 
peneplain  was  raised  gradually  out  of  the  sea,  its  surface  consisted  of 
unconsolidated  Cretaceous  sediments  which  overspread  the  whole 
region,  completely  burying  the  underlying  solid  rocks.  Evidently, 
there  was  a  gradual  upward  slope  inland,  and  the  grade  was  increased 
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at  the  time  the  land  was  elevated.  Therefore,  upon  this  plain,  sloping 
to  the  east  and  south,  a  drainage  system  must  have  been  established 
following  the  normal  seaward  slope,  and  entirely  independent  of  the 
structure  of  the  underlying  rocks.  This  original  drainage  system 
probably  resembled  more  or  less  closely  the  present  drainage  of 
southern  New  Jersey.  It  would  be  useless  to  attempt  to  decipher 
the  courses  of  these  oldest  streams.  The  last  remnants  of  their 
valleys  have  long  since  disappeared,  and  they  are  as  likely  as  not  to 
have  flowed  at  some  points  over  the  tops  of  our  highest  hills.  Follow- 
ing the  laws  of  development  of  streams,  main  trunks  were  formed  into 
which  flowed  minor  streams,  all  of  which  kept  continuously  at  work 
wearing  away  the  land.  Thus,  in  a  comparatively  brief  geological 
time,  the  Cretaceous  sediments  were  entirely  removed,  and  the 
streams  became  superimposed  upon  the  pre-Cretaceous  rocks  of  vary- 
ing hardness,  in  which  for  a  while  they  continued  their  work  of 
erosion. 

Remnants  of  some  of  the  valleys  formed  in  the  succeeding  epochs 
can  be  seen  at  present  in  numerous  gaps  in  the  highlands,  at  present 
unoccupied  by  large  streams.  One  of  these  gaps,  probably  formed 
in  early  Tertiary  time,  is  the  marked  line  of  valley  which  the  old 
Middlesex  Canal  followed  from  Lowell  to  Boston,  and  which  is  the 
site  of  the  early  Pleistocene  Merrimac.  This  is  the  most  direct 
route  to  the  sea  for  the  Merrimac,  and  there  is  no  necessity  for  sup- 
posing that  at  any  time  during  the  Tertiary  period  it  took  a  different 
course.  Another  gap,  of  less  extent,  lies  between  Bear  and  Doublet 
hills,  west  of  Waltham,  having  a  minimum  elevation  of  160  feet,  and 
making  a  pass  two  miles  wide  in  the  crystalline  rocks  forming  the 
watershed  of  the  Charles  at  this  point.  This  pass  is  in  line  with  a 
marked  depression  extending  westward  from  Sudbury.  Several  miles 
south  of  this,  across  the  watershed  in  the  vicinity  of  Cochituate,  is  a 
third  gap,  which  below  the  200-foot  contour  is  a  mile  and  a  half  wide, 
and,  like  the  one  at  Waltham,  has  a  minimum  elevation  of  160  feet, 
the  level  of  the  sand-plain  at  this  point.  The  topographical  map  shows 
that  this  gap  is  continued  eastward  through  the  present  valley  of  the 
Charles  between  Needham  and  Dedham,  and  thence  along  Mother 
Brook  to  the  Neponset  River.  Westward  it  is  continued  between 
Nobscot  and  Green  hills  to  the  valley  of  the  Assabet.  A  fourth  line 
of  valley  extends  eastward  from  the  vicinity  of  Sherborn  through 
Millis,  Walpole  and  Norwood,  crossing  the  Charles-Neponset  water- 
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shed  at  the  level  of  the  160-foot  sand-plain.  The  high  ridge  extending 
north  from  Bellingham  has  been  already  noted.  Both  east  and  west 
of  this  are  north-south  valleys,  pointing  towards  prominent  gaps  in 
the  southern  watershed :  one  at  South  Milford,  two  miles  wide 
between  the  300-foot  contours ;  the  other  east  of  Bellingham,  and  a 
mile  wide.  Each  of  these  gaps  is  in  a  direct  line  with  the  corre- 
sponding portion  of  the  Charles  to  the  north,  and  probably  marks  the 
site  of  a  Tertiary  outlet  towards  Narragansett  Bay.  .  As  one  coincides 
exactly,  and  the  other  closely,  with  the  outlet  at  the  beginning  of  the 
Pleistocene  period,  the  streams  occupying  them,  like  the  Merrimac, 
probably  did  not  change  their  courses  greatly  during  Tertiary  time. 
South  of  the  height  of  land  across  Foxsboro,  Wrentham  and  Franklin, 
all  drainage  was  to  the  south.  The  streams  which  formed  these 
various  gaps  are  the  earliest  of  which  any  traces  remain,  and  repre- 
sent that  epoch  when  the  Tertiary  system  of  drainage  had  become 
firmly  established  in  the  pre-Tertiary  formations. 

Some  of  the  streams  of  that  time,  like  the  Merrimac,  and  the  Mil- 
ford  and  Medway  branches  of  the  Blackstone,  maintained  their  courses 
until  the  Pleistocene  period.  They  flowed  across  formations  of  vary- 
ing hardness,  but,  being  beyond  the  influence  of  more  powerful  neigh- 
boring streams,  were  not  diverted  from  their  courses.  For  instance, 
the  river  crossing  the  Cochituate  watershed  to  the  Charles,  coming 
from  an  area  of  hard  crystalline  rocks,  crossed  the  softer  formations 
in  Wellesley  and  Needham,  then  flowed  over  the  crystalline  area  east 
of  Needham,  reaching  the  sedimentaries  again  in  Hyde  Park  (Plate  i, 
facing  page  172).  It  is  possible  that  this  stream  may  bq  the  lower  por- 
tion of  the  Wachusett  River  ^  discovered  by  Professor  Crosby,  who  has 
traced  its  course  as  far  as  the  Assabet.  The  discovery  of  an  ancient 
river  flowing  from  the  Assabet  to  the  sea  makes  it  a  reasonable  suppo- 
sition that  the  two  were  synchronous,  and  hence  probably  the  same. 
This  stream,  coming  from  a  long  distance,  and  having  many  tributaries, 
must  have  carved  out  a  broad  valley,  and  appropriated  the  drainage  of 
a  considerable  area.  The  upper  portion  of  the  Sudbury  and  its  tribu- 
taries belonged  to  this  system.  The  valley  of  the  Sudbury  north  of 
Cochituate  is  certainly  very  old,  and. was  probably  formed  at  that  time. 
Being  tributary  to  the  powerful  trunk  stream,  it  could  erode  its  valley 
rapidly,  cutting  below  the  level  of  the  Waltham  gap,  and  beheading 


'  W.  O.  Crosby :  Geological  History  of  the  Nashua  Valley.    Tbchnology  Quarterly, 
XII,  p.  312. 
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the  stream  occupying  it.  The  lower  portion  of  this  beheaded  stream 
is  represented  today  by  Stony  Brook,,  which  has  never  been  of  suffi- 
cient size  to  make  a  large  valley.  One  of  its  branches,  the  infantile 
Charles,  flowing  northward  from  Needham  through  the  Boston  basin, 
cut  backward  toward  the  south,  and  on  account  of  its  location  on  the 
softer  rocks,  deepened  its  valley  below  that  of  the  east-west  stream 
(the  possible  Wachusett).  This  river  was  retarded  in  its  erosion  by 
the  crystalline  areas  across  which  it  flowed,  making  possible  its  cap- 
ture by  the  Charles.  Thus,  except  for  several  minor  tributary  streams, 
the  Tertiary  valley  between  Wellesley  and  Hyde  Park  was  left  dry. 
The  valley  northeast  of  Needham  was  probably  formed  by  a  tributary 
to  the  Charles  which  cut  backward  from  Highlandville  along  the  slate 
belt  to  the  oast 

The  other  great  Tertiary  stream  draining  the  area  under  considera- 
tion was  the  Baggistere,  which  rose  in  the  vicinity  of  Holliston,  and 
flowed  east  as  far  as  Norwood ;  thence  it  either  maintained  its  east- 
ward direction  to  the  sea  along  the  southern  border  of  the  Blue  Hills, 
or  else  turned  slightly  to  the  north,  reaching  Boston  Bay  through  the 
Neponset  Valley,  along  the  north  side  of  the  range.  If  it  ever  flowed 
on  the  south  side  of  the  Blue  Hills  it  cannot  have  done  so  for  any 
great  length  of  time ;  for,  flowing  across  the  crystalline  rocks  between 
the  Norfolk  and  Boston  basins  in  the  vicinity  of  Braintree,  its  down- 
cutting  must  have  been  retarded,  giving  the  drainage  of  the  Boston 
Basin  an  opportunity  to  cut  back  southward  along  the  sedimentary 
belt  west  of  the  Blue  Hills  and  to  capture  the  Baggistere. 

Whether  or  not  such  a  capture  took  place,  the  Neponset  Valley, 
as  is  shown  by  its  great  size,  was  at  an  early  date  occupied  by  a  large 
stream.  The  Neponset  River,  flowing  entirely  upon  the  sedimentary 
rocks,  was  able  to  cut  back  its  valley  for  a  considerable  distance,  the 
limit .  probably  being  reached  in  the  vicinity  of  Norfolk,  where,  as 
indicated  by  the  topography,  a  tributary  of  Narragansett  Bay  had  its 
source.  At  first  the  south-flowing  streams  in  this  vicinity  may  have 
run  directly  across  the  crystalline  area  between  the  Norfolk  and 
Narragansett  basins ;  but  in  time  they  must  all  have  been  diverted 
to  the  easier  outlet  through  the  connecting  pass  at  Wrentham. 
Thus  the  Norfolk  basin  became  occupied  by  two  main  streams,  flow- 
ing in  opposite  directions  from  the  watershed  at  Norfolk.  The  minor 
streams  having  their  sources  on  the  large  crystalline  area  to  the  north 
then  so  adjusted  themselves  as  to  take  the  most  direct  courses  to  the 
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main  streams  in  the  basin.  It  is  probable,  however,  that  little  adjust- 
ment was  necessary,  as  the  basins  lay  directly  across  their  seaw^-rd 
paths. 

It  certainly  does  not  appear  that  any  simpler  sequence  of  events 
than  those  outlined  above  could  have  brought  about  the  conditions 
which  existed  at  the  beginning  of  the  Pleistocene  period,  and 
undoubtedly  the  Tertiary  changes  were  much  more  complex.  But 
we  have  found  that  the  preglacial  streams  deduced  from  present  con- 
ditions correspond  closely  with  those  derived  from  the  most  probable 
development  of  the  Tertiary  drainage. 

Lake  Charles. 

At  the  beginning  of  the  Pleistocene  period  occurred  the  great 
elevation  of  the  land  which  is  regarded  as  the  cause  of  the  great  Ice 
age,  during  which  a  mantle  of  bowlder  clay,  or  till,  was  spread  over  the 
surface  of  the  land.  As  the  till,  in  most  places,  makes  but  a  thin 
covering  over  the  underlying  rock,  an  occurrence  of  the  former  is 
usually  a  fairly  good  indication  that  rock  exists  at  no  great  depth 
below.  This  is  not  a  necessary  conclusion,  however,  for  valleys  have 
frequently  been  found  which  are  filled  with  till  to  a  considerable 
depth.  And  in  some  cases  drumlins  lie  directly  in  the  path  of  a  pre- 
glacial valley  or  gorge.  As  examples  in  this  region  we  have  Milton 
Hill  in  Milton,  and  Fairmount  in  Hyde  Park.  Either  North  Hill  in 
Needham  or  the  drumlin  just  east  of  Wellesley  must  also  overlie  a 
buried  gorge. 

With  the  subsidence  of  the  land  at  the  close  of  the  Glacial  epoch 
came  the  melting  of  the  ice-sheet  and  the  release  of  great  volumes  of 
water,  which  collected  south  of  the  receding  ice-front  in  glacial  lakes. 
In  basins  where  the  preglacial  drainage  had  been  to  the  north,  the 
water-parting  on  the  south  naturally  formed  the  southern  barrier  of 
the  glacial  lake.  But  in  the  basins  of  the  Upper  and  Middle  Charles 
the  greater  part  of  the  preglacial  drainage  was  southward.  In  these 
cases,  at  times  when  the  ice-front  rested  at  narrow  portions  of  the 
south-sloping  valleys,  the  detritus-laden  streams  from  the  ice-sheet 
formed  apron-plains  of  sand  and  gravel,  which  completely  closed  the 
valleys  and  presented  an  effectual  southern  barrier  to  the  glacial 
lake. 

Lake  Charles,  being  retained  on  the  south  by  the  frontal  plains 
and  the  intervening  highlands,  and  on  the  north  by  the  high  ice-front. 
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necessarily  overflowed  through  the  lowest  pass  in  its  southern  water- 
parting.  As  the  ice  receded  northward,  lower  and  lower  passes  were 
uncovered  in  the  southern  and  eastern  sides  of  the  basin,  serving  as 
successive  outlets  for  the  lake,  and  allowing^  the  water  to  fall  each 
time  to  a  lower  level.  Each  stage  of  the  lake  is  characterized  by 
extensive  deposits  of  modified  drift,  the  maximum  elevation  of  each 
coinciding  approximately  with  the  level  of  the  lake  during  that  stage. 

Bellingham  Stage,  —  During  its  history.  Lake  Charles  had  twelve 
distinct  outlets,  two  of  which  coincided  with  outlets  of  glacial  Lake 
Neponset  (Plate  4).  The  stages  are  less  in  number  than  the  outlets, 
however,  for  during  the  earlier  history  of  the  lake  each  stage  had  sev- 
eral outlets  at  or  near  the  same  level.  Thus  the  two  outlets  in  the 
vicinity  of  Bellingham  and  those  southeast  of  Franklin  have  all  an 
elevation  of  about  240  to  260  feet,  as  shown  by  the  contours.  The 
stage  of  the  lake  corresponding  to  these  outlets  may  be  called  the 
Bellingham  stage. 

The  shore  line  of  the  lake  at  this  time  was  in  the  vicinity  of  the 
260-foot  contour,  and  extended  up  the  main  valley  as  far  as  Milford, 
and  up  the  valley  of  Hopping  Brook  two  miles  beyond  Braggville. 
Down  the  valley  it  extended  to  near  North  Bellingham.  Bear  Hill 
and  several  smaller  prominences  rose  as  islands  in  the  lake.  The 
greatest  depth  of  water  was  about  60  feet,  in  the  vicinity  of  Crimp- 
ville.  The  outlet  showing  the  best  developed  frontal  plain  is  about 
half  a  mile  wide,  and  situated  midway  between  Unionville  and  Belling- 
ham. At  this  point  the  steep  and  irregular  ice-margin  can  be  seen 
on  the  north,  while  in  the  other  direction  there  is  a  long  gradual  slope 
to  the  southward.  During  this  stage  the  water  of  the  lake  reached 
the  sea  through  the  Blackstone  by  way  of  Abbot's,  Peters'  and  Mill 
rivers. 

South  of  Franklin,  at  the  margin  of  the  area  occupied  by  the 
Bellingham  stage,  and  about  80  feet  above  the  level  of  the  water  at 
this  time,  is  a  small  area  of  modified  drift  about  a  mile  and  a  half 
long,  with  an  elevation  of  over  340  feet.  This  area  presumably  marks 
the  site  of  a  marginal  lakelet,  which  was  formed  while  the  valley  to 
the  south  was  still  occupied  by  ice.  It  must  represent  the  true  begin- 
ning of  Lake  Charles.  During  the  decline  of  the  Ice  age  such  mar- 
ginal lakelets  were  numerous,  most  of  them,  however,  being  of  small 
size. 
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Wrentham  Stage,  —  Simultaneously  with  the  Bellinghara  stage 
was  the  Wrentham  stage,  during  which  the  ice  in  the  region  east  of 
Franklin  was  disappearing.  In  this  area  there  are  four  outlets,  three 
of  which  are  south  of  Whiting  Pond,  and  the  fourth  just  south  of  the 
Pinnacle.  According  to  the  topographical  map,  these  outlets  vary  in 
elevation  between  240  and  280  feet ;  but,  like  the  Bellingham  and 
Franklin  outlets,  they  should  probably  all  be  referred  to  a  single  stage 
of  the  lake,  the  average  elevation  of  which  was  near  the  260-foot 
contour.  The  drift  deposits  show  that  on  the  west  the  shore  line 
extended  north  to  the  vicinity  of  City  Mills,  and  on  the  east  to  the 
southern  part  of  Norfolk.  There  were  several  islands,  one  east  of 
Franklin,  a  second  east  of  Marsh  Pond,  a  third  southeast  of  City 
Mills,  and  two  small  ones  south  of  Whiting  Pond.  The  best  devel- 
oped deposits,  so  far  as  observed,  are  the  Wrentham  plains.  Whiting, 
Archer's  and  Marsh  ponds  are  kettle  holes  in  these  plains.  The 
valley  of  Mill  Brook  was  occupied  by  a  lobe  of  ice,  as  is  shown  by  the 
fact  that  the  deposits  referable  to  the  next  lower  stage  extend  as  far 
south  as  Whiting  Pond.  Plate  4  shows  that  the  northern  boundary 
of  the  deposits  of  this  stage  has  a  northwest-southeast  trend,  indi- 
cating that  this  was  the  direction  of  the  ice-front.  The  same  is  true 
of  the  deposits  formed  during  all  the  later  history  of  the  lake,  showing 
that  the  ice  disappeared  faster  from  the  western  than  the  eastern  part 
of  the  region. 

CharleS'Neponset  Stage,  —  The  continued  recession  of  the  ice 
during  the  Bellingham  and  Wrentham  stages  finally  opened  a  passage 
to  the  east  along  the  north  end  of  the  ridge  north  of  Foxboro,  and 
Lake  Charles  then  became  confluent  with  Lake  Neponset.  Probably 
about  the  same  time  the  gap  at  Medway  was  opened,  and  the  portion 
of  the  lake  to  the  west  became  connected  with  the  main  body  of 
Lake  Charles.  The  development  of  the  Neponset  lake  had  been 
going  on  simultaneously  with  Lake  Charles,  and  the  ice  had  by  this 
time  receded  far  enough  north  to  open  the  Stoughton  outlet,  at  an 
elevation  of  about  2CX)  feet.  This,  being  lower  than  any  hitherto 
uncovered  pass  in  either  lake,  became  the  sole  outlet  for  the  confluent 
lakes.  During  this  stage  Lake  Charles-Neponset  probably  occupied 
its  maximum  area.  The  Stoughton  outlet  must  have  continued  in  use 
for  a  relatively  long  time,  while  the  ice  was  receding  from  the  large 
area  between  Norfolk  and  the  northern  part  of  Sherborn  in  the 
Charles    basin,    and    between    Canton   and    the    Blue    Hills   in    the 
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Neponset  basin.     A  comparison  of  these  areas  (Plate  4)  again  shows 
evidence  of  a  more  rapid  retreat  of  the  ice  in  the  west  than  the  east. 

The  deposits  of  this  stage  extend  below  the  200-foot  contour  up 
the  valley  of  the  Upper  Charles  beyond  North  Bellingham,  along  Mine 
Brook  as  far  as  Unionville,  and  in  the  valley  of  Mill  Brook  into  the 
basin  of  Whiting  Pond.  Northward  they  extend  through  the  pass 
north  of  HoUiston  occupied  by  the  Boston  &  Albany  Railroad, 
nearly  to  South  Framingham,  and  east  of  Sherborn  to  the  vicinity  of 
Farm  Pond.  The  pass  west  of  Snow  Hill,  in  Dover,  must  have  been 
occupied  by  a  shallow  arm  connecting  the,  main  lake  with  a  bay  to  the 
north,  as  is  proved  by  the  deposits  of  mpdified  drift  at  this  level  in 
the  valley  of  Trout  Brook.  From  the  Neponset  basin  an  arm 
extended  north  from  Norwood,  across  Westwood  to  beyond  Fox  Hill. 
The  presence  of  200-foot  deposits  west  and  north  of  Great  Blue  Hill 
shows  that  while  this  area  was  covered  by  water  the  Monatiquot 
outlet  was  still  blocked  by  ice  on  the  east.  Between  Walpole  and 
South  Walpole,  on  the  divide  between  the  Charles  and  Neponset 
basins,  extensive  sand-plains  were  deposited,  blocking  the  preglacial 
valley.  During  this  stage  the  greatest  depth  of  water  in  the  Charles 
basin  was  about  lOO  feet,  in  the  vicinity  of  Medfield,  and  in  the 
Neponset  basin,  nearly  140  feet.  Noon,  Nason,  Paul,  Pine  and  Castle 
hills,  besides  many  smaller  areas,  formed  islands. 

Sudbury-CharleS'Neponset  Stage,  —  With  the  disappearance  of  the 
ice  from  the  valley  of  the  Monatiquot  River,  an  outlet  was  opened 
along  the  south  side  of  the  Blue  Hills,  at  a  level  of  about  160  feet, 
allowing  the  lake  to  overflow  to  the  east,  into  Lake  Bouvi,^  which  at 
that  time  had  a  level  of  about  120  feet.  During  this  stage  the  Charles 
and  Neponset  lakes  were  confluent  at  two  points :  first,  through  a 
narrow  pass,  perhaps  not  over  500  feet  wide,  between  the  valley  of 
Mine  Brook  in  Walpole  and  Stop  River  in  Medfield ;  and  second,  at 
Dedham,  where  the  pass  was  nearly  two  miles  wide.  Lake  Charles 
was  also  confluent  with  Lake  Cochituate  and  Lake  Sudbury.  The 
water  overflowing  through  the  Monatiquot  was  not  only  that  due  to 
the  melting  of  ice  in  the  Charles-Neponset  region,  but  also  that  of  a 
large  area  to  the  west.  At  this  time  the  ice-front  in  the  Nashua 
Valley  probably  stood  in  the  vicinity  of  Clinton,  and  the  outlet  of 
Lake  Nashua  was  through  the  pass  at  South  Clinton  into  the  valley 


'  A.  W.  Grabau :   Lake  Bouv^.    Occasional  Ps^>er8,  Bos.  Soc.  Nat.  Hist,  Vol.   IV, 
Pt.  3.  PP-  554-600. 
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of  the  Assabet  River  and  thence  to  Lake  Sudbury.^  Thus  the  drain- 
age of  the  entire  area  within  the  watersheds  of  lakes  Nashua,  Sudbury, 
Charles  and  Neponset  was  at  this  stage  tributary  to  Lake  Bouv^. 

The  plains  at  this  stage  of  the  confluent  lakes  are  by  far  the  best 
developed  of  any  stage.  The  broad  deposits  in  Medfield,  Millis  and 
Medway,  as  well  as  those  in  Wellesley,  Needham  and  West  Roxbury, 
were  formed  at  this  time.  In  Newton  they  are  developed  as  far  north 
as  the  Boston  &  Albany  Railroad.  Extending  from  Brighton  west- 
ward along  the  line  of  the  railroad  into  Weston  is  a  well-developed  ice- 
contact  slope,  which  marks  the  northern  limit  of  the  lake  at  this  stage. 
West  of  Needham  and  Sherborn  the  plains  extend  through  Wellesley, 
Natick  and  Framingham,  across  the  Cochituate  water-parting  to  the 
valley  of  the  Sudbury,  where  an  extensive  series  of  the  same  general 
elevation  is  found,  extending  even  down  the  valley  of  the  Concord 
River  into  Bedford  and  Billerica.  Between  Brighton  and  Hyde  Park 
there  is  a  satisfactory  eastern  land  barrier  for  the  lake  (Plate  4),  but 
the  absence  of  such  a  barrier  in  the  northern  part  of  Newton,  and 
again  in  Dedham,  together  with  the  characteristic  ice-margins  found 
in  those  places,  indicates  that  while  on  the  west  the  ice  had  retreated 
as  far  north  as  Billerica,  it  still  occupied  Boston  Bay  and  a  large  part 
of  the  Boston  Basin. 

Lake  Shawmut,  —  When  the  region  directly  north  of  the  Blue 
Hills  was  finally  uncovered,  the  passes  in  East  Milton  and  West 
Quincy  were  opened,  and  the  lake  fell  to  still  lower  levels,  first  to 
about  70  feet,  and  later  to  about  50,  corresponding  to  successive 
levels  of  Lake  Bouv6.  Still  later  the  water  stood  at  about  20  feet 
above  the  sea.  Plains  of  these  elevations  are  found  in  Newton,  Wal- 
tham,  Watertown,  Boston,  and  in  the  valley  of  the  Mystic  River. 
To  these  lower  stages  of  the  combined  lakes,  entirely  within  the 
Boston  Basin,  Professor  Crosby  has  given  the  name  Lake  Shawmut. 
To  this  body  of  water  the  lakes  occupying  the  valleys  of  the  Concord 
and  Shawsheen  rivers  were  tributary  along  the  line  of  the  Middlesex 
Canal  and  the  ancient  course  of  the  Merrimac.  When  the  ice  finally 
retreated  from  the  land  on  the  southern  side  of  Boston  Bay,  Lake 
Shawmut  fell  to  sea  level  and  disappeared. 

Postglacial  Development  of  the  Charles  River. 

During  the  time  when  the  ice  was  retreating  from  the  region  and 
the  glacial  lakes  were  falling  successively  to  lower  and  lower  levels, 

'  W.  O.  Crosby :  Geological  History  of  the  Nashua  Valley,  /.  <-.  p.  318. 
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new  streams  and  drainage  systems  were  gradually  developing  upon  the 
land  surface  recently  uncovered.  The  drift  deposits  had  so  changed 
the  character  of  the  topography,  however,  that  the  streams  rarely 
resumed  their  former  courses,  the  principal  factor  in  reversing  the 
drainage  in  the  Upper  and  Middle  Charles  being  the  formation  of 
the  apron-plains  which  blocked  the  south-sloping  valleys,  and  thus 
formed  a  new  water-parting,  north  of  which  all  drainage  must  be 
northward.  As  Lake  Charles  fell  from  stage  to  stage,  all  the  outlets 
on  the  south  and  east  were  in  turn  abandoned,  so  that  when  the  lake 


finally  completely  disappeared  from  the  basin  of  the  Middle  Charles, 
the  new  river  had  to  take  possession  of  the  lowest  outlet  to  the  north, 
the  pass  midway  between  Medfield  and  Natick,  through  which  it  now 
flows. 

North  of  Natick  the  new  Charles  reaches  the  valley  of  the  old 
river,  which,  however,  between  Cochituate  and  Needham,  has  been 
blocked  by  the  extensive  sand-plains,  forcing  the  new  Sudbury  to  find 
an  outlet  to  the  north.  The  Charles,  below  South  Natick,  is  forced 
to  find  a  channel  for  itself  along  the  southern  border  of  the  Needham 
plain,  until  it  emerges,  at  Greendale,   into  another  preglacial  valley. 
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The  circuitous  course  by  way  of  Dedham,  in  place  of  the  more  direct 
one  along  Line  Ditch,  must  have  been  caused  by  mere  chance. 
Again,  at  Highland ville,  the  blocking  of  the  preglacial  valley  by  the 
sand-plain  caused  the  river  to  deviate  from  its  course,  so  that  it  now 
Hows  over  solid  rock  at  Newton  Upper  and  Lower  Falls,  where  it  is 
still  carving  its  gorges. 

The  characteristics  of  the  drift  deposits  above  the  Upper  Falls  — 
irregular  deposits,  extending  far  out  into  the  marsh  —  make  it  prob- 
able that  there  has  been  little  postglacial  erosion  there.  But  at 
Newton  Lower  Falls  the  erosion  slopes  show  that  the  sand-plain 
originally  extended  entirely  across  the  valley,  at  a  height  of  about 
60  feet  above  the  present  river  (Figure  17).  When  the  stream  first 
took  this  course,  the  plain  acted  as  a  barrier,  which  formed  a  lake 
between,  the  Upper  and  the  Lower  Falls.  In  cutting  down  the  outlet 
the  present  gorge  was  formed,  and  the  river  superimposed  upon  the 
bed-rock  below,  over  which  it  now  flows.  During  the  development  of 
the  river  several  similar  lakelets  existed  at  different  parts  of  its  course. 

Conclusion. 

Having  accomplished  the  first  four  of  the  five  purposes  stated  in 
the  introduction,  it  only  remains  for  us  to  consider  the  fifth  —  to 
determine  to  what  class  of  rivers  the  Charles  belongs.  Professor 
Davis  has  defined  ^  several  types,  as  follows  :  — 

"  An  original  river  is  one  which  first  takes  possession  of  a  land 
area,  or  which  replaces  a  completely  extinguished  river  on  a  surface 
of  rapid  deformation. 

"  A  river  may  be  simple^  if  its  drainage  area  is  of  practically  one 
kind  of  structure  and  of  one  age.  ...  It  may  be  composite^  when 
drainage  areas  of  different  structure  are  included  in  the  basin  of  a 
single  stream.  .  .  . 

"  A  compound  river  is  one  which  is  of  different  ages  in  its  different 
parts.  ... 

"A  river  is  complex  when  it  has  entered  on  a  second  or  later 
cycle  of  development." 

We  have  already  seen  that  ogr  river  taken  as  a  whole  is  in  a  very 
youthful  stage,  having  been  formed  by  the  filling  with  drift  of  several 
ancient  valleys,  formerly  entirely  distinct,  and  the  development  of 
their   postglacial   drainage    into   a   single   river  system.      Evidently, 

'  W.  M.  Davis :  Rivers  and  Valleys  of  Penn.,  Nat.  Geog.  Mag.,  Vol.  I,  p.  218. 
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different  portions  must  be  placed  in  diiferejit  classes,  according  to 
their  respective  histories.  That  portion  between  the  source  and 
South  Milford  is  certainly  original^  but  it  is  the  only  part  of  the  river 
which  can  be  called  original.  Certain  portions  taken  separately  are 
simplcy  but  as  a  whole  it  is  composite ;  for,  as  has  been  shown,  such 
regions  as  those  of  the  Middle  Charles  and  the  Boston  Basin  are 
entirely  different  in  structure.  Again,  the  river  is  compound^  for  its 
different  parts  dififer  greatly  in  age.  As  examples,  may  be  noted  the 
contrast  between  the  topography  of  the  Medway  gorge  and  the  valley 
of  the  Middle  Charles,  between  the  valley  south  of  Needham  and  that 
north  of  the  town,  or  between  Hemlock  Gorge  and  the  basin  to  the 
southeast.  All  this  shows  that,  throughout  its  course,  the  Charles  is 
very  complex.  At  several  points  it  is  a  superimposed  stream,  as  at 
Medway  and  again  at  Newton  Upper  and  Lower  Falls.  Finally,  as 
to  whether  it  belongs  with  consequent  or  antecedent  streams  :  —  Powell 
has  defined  ^  the  former  as  those  whose  courses  are  "  consequent  upon 
the  constructional  form  of  the  land ; "  and  the  latter,  as  those  which 
persist  in  their  courses  after  a  change  by  which  others  are  destroyed. 
The  Charles  h^s  entirely  lost  its  consequent  character.  Parts  of  it, 
however,  may  be  said  to  be  antecedent^  among  these  being  the  portion 
between  Riverside  and  Boston,  which  occupies  essentially  its  pre- 
glacial  course. 

From  the  foregoing  general  statements  it  is  evident  that  the  river 
as  a  whole  cannot  be  placed  in  any  one  class,  but  that  in  studying  it 
each  portion  must  be  classified  according  to  its  own  characteristics. 
It  is  a  stream  occupying  portions  of  several  ancient  valleys,  which, 
having  been  obstructed  by  the  drift  of  the  ice  age,  have  become  con- 
nected by  new  channels,  which  now  unite  them  into  a  single  complex 
basin,  in  which  flows  the  present  peculiar  and  meandering  river.* 
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A   LOGARITHMIC    THREE-VARIABLE    DIAGRAM   FOR 
DATA    OF  THE  FORM  J^  V  ^  =  k. 

Illustrated  by  the  Law  for  Perfect  Gases,  PV^^RT,  with  Diagrams  for 

Various  Gas-Engine  Cycles. 

m 

By  HARRISON  EVERETT  ASHLEY. 

Graphic  representation  is  the  most  successful  way  of  preparing 
complex  data  for  mental  assimilation,  and  graphic  processes  displace 
many  tedious  calculations.  The  equilateral  triangle,  in  which  the  sum 
of  the  perpendiculars  from  an  included  point  to  the  three  sides  is  a  con- 
stant, has  been  used  by  Professors  J.  Willard  Gibbs,^  R.  H.  Thurston,^ 
H.  M.  Howe,8  C.  R.  A.  Wright,*  H.  W.  Bakhuis.Roozeboom,^  W.  D. 
Bancroft,®  Hector  R.  Carveth,^  F.  A.  H.  Schreinemakers,®  and  others 
to  show  the  variation  of  some  physical  property  with  variation  in 
chemical  composition  of  mixture  of  three  chemical  substances. 

Professor  Ernest  A.  Hersam^  has  shown  very  ingeniously  how  it 
may  be  used  in  the  calculation  of  slags  of  three  or  four  constituents. 
In  the  course  of  his  discussion  he  says  that  a  right-angled  triangle 
may  be  used  instead  of  the  equilateral  triangle,  and  "  possesses  some 
advantages  in  construction  ....  but  the  lack  of  symmetry  and 
some  other  disadvantages  make  these  departures  generally  less  satis- 
factory for  varied  work." 

'Equilibrium  of  heterogeneous  substances.    Trans.  Conn.  Acad.  (1876),  vol.  iii,  p.  176. 

' Tensile  strength  of  copper-zinc- tin  bronzes.     Proc.  A.  A.  A.  S.,  1877. 

^Heat  of  solidification  of  lime-alumina-silica  slags.  Trans.  Am.  Inst.  Min.  Eng.  (1898), 
zxviii,  346.     Also  discusses  a  triangular  pyramid  for  four  variables. 

^  Limits  of  perfect  miscibility  of  the  eighty-four  possible  ternary  alloys  of  lead,  bismuth, 
zinc,  aluminum,  tin,  silver,  copper,  cadmium,  and  antimony.  Roy.  Soc.  Proc.,  45,  461;  48, 
25;  49i  156,  174;  50.  372;  5a»  "1  530;  55.  '30-  J-  S.  Chem.  Ind.  (1890),  944;  (1892),  245, 
449,  492,  521,693;  (1894),  1014. 

*Zeit.  phys.  Chem.  (1894),  15,  143. 

*Jour.  phys.  Chem.  (1897),  i,  403. 

7  Melting- points  of  KNOs-NaNOg-LiNOs  mUtures.    Jour.  phys.  Chem.  (1898),  a,  209. 
'Vapor  pressure  of  ternary  mixtures.     Zeit.  phys.  Chem.  (1901),  zxxvi  [3],  257. 
'Trans.  Am.  Inst.  Min.  Eng.  (1901),  February. 
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Before  seeing  his  paper,  the  writer  of  the  present  article  had  well- 
nigh  completed  a  paper  on  **  Slag  Constitution,  Studied  by  Means  of 
the  Tri- Axial  Diagram  with  Rectangular  Coordinates,"  ^  in  which  the 
application  was  extended  from  the  case  ^  +  ^  +  ^==^to  the  more 
general  case  ma  •\-  nb  •\'  pc  '==-  k^  where  m^  n,  and  /  are  any  positive 
or  negative,  integral  or  decimal,  real  coefficients.  The  discussion  was 
as  follows : 

"The  tri-axial  diagram  is  applicable  only  to  the  case  of  three  vati* 
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Fig.  I.  —  Derivation  op  the  Rectangular  Tri- Axial  Diagram. 


ables  whose  sum  is  a  constant^  that  is,  to  two  independent  variables. 
For  example,  if  an  alloy  of  tin,  copper,  and  zinc  be  assumed  to  con- 
tain 1 5  per  cent,  of  tin  and  80  of  copper,  the  percentage  of  zinc  must 
be  5,  the  difference  between  15  +  80  and  100.  When  the  percent- 
ages of  tin  and  copper  have  been  fixed,  that  of  zinc  cannot  be  varied. 
But  two  independent  variables  can  be  shown  by  the  common  diagram 
with  rectangular  coordinates.  A  diagram  showing  only  tin  and  copper 
percentages  will  serve  to  illustrate  all  the  properties  of  the  ternary 


'Trans.  Am.  Inst  of  Min.  Engineers  (1901),  November. 
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bronze.  Why  use,  then,  the  inconvenient  oblique  equilateral  triangle 
diagram,  when  results  can  be  plotted  with  comparative  ease  on  ordi- 
nary cross-section  paper,  with  rectangular  coordinates,  in  an  erect, 
right-angled  triangle  ?  Moreover,  it  is  possible  to  read  off  from  such 
a  plot  the  third  or  dependent  variable. 

"In  Figure  i,  let  any  vertical  line  (as  EK  =^  OB)  represent  loo 
per  cent,  of  whatever  mixture  is  under  consideration,  say  tin-copper- 
zinc.  Further,  let  the  lower  part  {EP)  of 
the  line  represent  per  cent,  of  tin,  the  upper 
part  {GK)  represent  per  cent,  of  zinc,  and 
the  middle  part  (PG),  per  cent,  of  copper. 
Then  arrange  the  vertical  lines  along  OX  so 
that  the  abscissae  also  shall  represent  the 
percentage  of  zinc,  (/.  e.,  OE  =  percentage 
of  zinc).  We  have  now  the  per  cent,  of 
zinc  represented  by  two  separate  means, 
one  of  which  is  superfluous ;  and  we  may 
accordingly  dispense  with  the  upper  part  of 
each  vertical  line,  reducing  the  diagram  from 
a  rectangle  to  the  triangle  A  OB.  For  any 
Log   I  point  Py  the  abscissa  {DP  =  OE)  represents 

per  cent,  of  zinc ;  the  ordinate  (PE  =  OD) 
represents  the  per  cent,  of  tin ;  and  the 
distance  along  the  vertical  line  (PG)  to 
the  hypothenuse  AB  represents  per  cent,  of 
copper.  The  scales  for  the  two  quantities 
measured  along  the  vertical  lines  are  from 
the  nature  of  the  case  the  same,  while  the 
scale  for  the  quantity  measured  by  the 
abscissae  is  the  same  as  for  the  other  two 
only  in  the  case  of  the  isosceles  right-angled  triangle.  It  is  desirable 
to  have  all  three  variables  plotted  to  the  same  scale. 
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Fig.  2.  —  DERriTATioN  op  the 
Logarithmic  Three- Vari- 
able Diagram. 


"  It  is  evident  that  the  same  principles  may  be  applied  to  plotting 
data  of  the  forms  a  +  ^  —  c  =  k  and  a  —  b  —  ^  ^  ^,  or  in  general, 
of  the  form  ma  -}-  nd  -{-  /fc  =  k,  where  m,  n,  and  p  are  any  positive  or 
negative,  integral  or  decimal,  real  coefficients." 

It  soon  occurred  to  the  writer  that  this  principle  might  be  extended 
to    data    of    the  form    a'^  6^  c^  =  k^   by  taking  logarithms  ;   thus 
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#«  log  a  -{-  n  log  ^  +  /  log  c  =  log  k^  =  k,  which  is  in  the  form  already 
discussed.  Since  the  logarithm  of  a  variable  factor  may  vary  from 
+  00  to  —  00,  any  logarithmic  three-variable  plot  is  only  a  limited  por- 
tion of  an  infinite  diagram. 

The  case  of  a  perfect  gas  {PV=  RT)  will  be  used  to  illustrate 
the  application  of  these  principles.  The  following  values,  which  are 
of  suitable  magnitude  for  ordinary  gas  engine  practice,  will  be  used  to 
determine  the  constant  R  in  the  equation :  Pressure  (P)  =  14.6967 
pounds  per  square  inch,  volume  (F)=ICX)  cubic  inches,  temper- 
ature (T)  =  520°.66  Fahrenheit,  absolute,  corresponding  to  60**  F., 
common  scale  ;  from  which  R  =  2.822  7.  Taking  logarithms,  log  P  + 
log  V=  log  R  +  log  T,  or  1. 167  220^p^  +  2.ocx>ooO(fr)  =  0.450  666w 
+  2.716554^7.).  In  Figure  2,  the  method  of  plotting  is  shown  for  a 
single  vertical  line.  In  Figure  3,  the  vertical  lines  are  arranged  with 
log  temperatures  as  abscissae.  Since  log  /?  is  a  known  constant,  and 
log  T  is  now  shown  by  the  abscissae,  the  left  hand  part  of  Figure  2 
becomes  superfluous,  and  only  P  and  Fare  given  for  the  verticals  here- 
after. In  Figure  4,  instead  of  giving  the  actual  logarithms,  there  are 
given  the  corresponding  natural  numbers.  The  diagram  will  present 
no  inconvenience  to  anyone  familiar  with  logarithmic  plotting  paper 
or  with  the  slide  rule,  and  no  serious  difficulty  to  anyone  else,  though 
the  crowding  of  lines  representing  high  values  will  at  first  seem  pecul- 
iar. The  use  of  natural  numbers  in  the  diagram  obviates  the  necessity 
in  computations  of  a  double  change,  from  numbers  to  logarithms  and 
back  again. 

Since  by  the  construction  of  the  diagram  the  temperature  is  con- 
stant along  a  vertical  line,  a//  isothermals  (^PV=  P^Vy)  are  parallel 
straight  lines. 

Referring  to  Figure  2,  it  is  seen  that  the  algebraic  length  of  the 
verticals  varies  proportionally  to  the  logarithm  of  the  temperature. 
Consequently  on  Figures  3  and  4,  where  abscissae  =  log  temperature, 
any  basal  log  P  line  is  a  straight  line,  and  all  lines  of  equal  pressure 
{isopiesticy  VT-^  i  V^  T{^^)  are  parallel  straight  lines. 

In  Figures  3  and  4,  the  line  AB  represents  an  adiabatic  compres- 
sion from  the  original  volume  of  100  cu.  in.  to  a  volume  of  10  cu.  in. 
The  adiabatic  is  a  straight  line.  This  was  experimentally  proved  by 
taking  at  random  an  intermediate  volume  and  calculating  its  pressure 
and  temperature,  with  the  results  given  in  the  following  table : 
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Fig.  3.  —  Properties  of  a  Perfect  Gas  ;  Logarithmic  Diagram,  Logarithms. 

Based  on  100  cu.  in.  at  60^  F.  and  14.7  lbs.  absolute  pressure.    Adiabatic  curves  are  any 

straight  lines  parallel  to  AB,    Verticals  are  isothermals  and  lines  of  constant  energy. 

Energy  is  given  by  intersections  of  line  KL  with  the  verticals  read  on  left-hand 

scale.     (See  footnote,  p.  281). 
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Fig.  4. —  Properties  of  a  Perfect  Gas;  Logarithmic  Diagram,  Natural 

Numbers. 

Based  on  100  cu.  in.  at  60^  F.  and  14.7  lbs.  absolute  pressure  (point  A)* 

Adiabatic  curves,  etc.,  as  in  Fig.  3. 
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PoinU  A.  C  B. 

log  P  1.167  220  1.869  720  2.572  220 

log  V  2.000000  1.500  000  1.000  000 

log  r  2.716  554  2.919  054  3.121554 

Tangent  of  line  connecting  ^  and  C  =  1-^00  OOP  —  2.000  OOP  ^  _  2.469  14. 

*  *  2.919  054  —  2.716  554 

Tangent  of  line  connecting  C  and  ^  =  1000  000—1500  000  „_  2.469  14. 

*  ^  3.121554  —  2.919  054 

Now  the  point  C  was  chosen  at  random,  and  the  line  is  shown  to 
have  the  same  direction  both  sides  of  it ;  consequently  it  has  the  same 
direction  throughout,  and  is  a  straight  line. 

To  find  the  relation  between  different  adiabatics,  the  following  was 
chosen  at  random  and  computed : 

Point.  D.  E. 

log  P  2.103  879  0.275  932 

log  V  1.698  970  3  000  000 

log  T  3  352  183  2. 825  266 

Tangent  of  line  connecUng  i,  and  ^  =  ^.g^^IaS^  =  "  '^  "' 

•         

i.  e,f  the  line  DE  is  parallel  to  the  line  AB.  But  DE  is  any  adiabatic ; 
therefore,  all  adiabatics  (  P  V^-^^  =  P^  f^^'^^s)  are  parallel  straight  lines. 

In  exactly  the  same  manner,  it  may  be  shown  that  any  other 
curves  of  the  form  /^  F"  =  Pj  V{^  for  any  given  value  of  n  are  parallel 
straight  lines.  In  Figure  3,  the  line  FG H  is  a  line  of  the  form 
p  V^^  =  P^  V^^,  Another  line  of  the  same  form  passing  through  A 
was  computed,  and  had  the  same  tangent. 

Accordingly  all  the  common  gas  engine  diagrams  may  be  represented 
by  straight  lines. 

A  construction  giving  the  inclination  for  any  required  exponential 
equation  of  the  form  /*  F"  =  /^i  Fi*  may  be  derived  from  the  follow- 
ing considerations  : 

According  to  Peabody,  Thermodynamics  (1898),  p.  69,  the  expo- 
nential equation  involving  volume  (z;)  and  absolute  temperature  (7")  is 

77/—^=  7W"''  or  (—)""'  =   ^. 

Taking  logarithms  : 

n  —  I  (log  V  —  log  z/i)  =  log  7*1  —  log  Ti  or 

log  V  —  log  v^ 
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If  we  consider  compressions  from  v  =  icx)  to  v^  =  10,  the  denom- 
inator of  the  above  fraction  becomes  unity,  and  the  equation : 

n  —  I  ^  log  7\  —  log  71 

To  apply  this  construction  to  Figure  3,  let  us  suppose  the  inclina- 
tion is  desired  of  curves  for  which  n  =  1.43.  For  point  A  (volume 
100)  the  log  temperature  (7^  is  2.716  554  2.  Add  0.43,  and  we  get 
log  temperature  (T^)  3.146  554  2,  corresponding  to  volume  10.  We 
thus  have  two  points  giving  the  required  inclination. 

Since  entropy  is  constant  along  an  adiabatic,  a  scale  of  entropy 
may  be  added  to  the  diagram  by  drawing  a  proper  series  of  adiabatics 
(not  done  in  this  paper). 

Isothermals  are  considered  also  lines  of  constant  energy,  and 
energy  considered  proportional  to  the  temperature.  It  is,  however, 
undesirable  to  confuse  the  diagram  by  the  addition  of  a  separate  scale 
of  energy,  and  the  same  end  is  accomplished  by  drawing  the  line  KL 
intersecting  the  verticals  in  such  positions  that  the  intersections  read 
off  on  the  scale  of  volumes  give  a  scale  of  energy.  Referring  to  Pea- 
body,  Thermodynamics  (1898),  p.  68,  the  intrinsic  energy  of  a  perfect 
gas, 

« 

E  =  ^_Pl_  ft.  lbs., 

K  —   I 

where  /  =  lbs.  per  sq.  ft.,  and  v  =  cu.  ft.  This  may  be  altered  as 
follows : 

E=     /»  X  '44  X  z/ 
(1.405  —  1)  1728' 

where  p  ^  lbs.  per  sq.  in.,  and  v  =  cu.  in.  Then,  by  the  gas  law, 
pv=^RT,  • 

^_        RT       _     2.^22  7     J. 
~  .405  X  12   ~  .405  X  12 

where  for  deriving  R^  p^=-  14.7  lbs.  per  sq.  in.,  v  =  100  cu.  in.,  and 
T  =  absolute  temperature  in  Fahrenheit  degrees.  Simplifying,  E  = 
0.580  80  7*  for  that  quantity  of  gas  that  measures  100  cu.  in.  at  60°  F. 
and  14.7  lbs.  per  sq.  in.  absolute  pressure. 

While  the  diagrams  so  far  given  apply  only  to  a  certain  definite 
amount  of  gas  which  is  acted  upon,  acts,  and  is  completely  expelled  at 
the  end  of  the  cycle,  it  is  the  case  in  practice  that  a  variable  clearance 
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Fig.  5.  —  Diagram  Allowing  for  Variation  in  Clearancs. 
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occupied  by  an  inert  gas  must  also  be  considered.     This  may  be  pro- 
vided for  by  a  modification  of  Figure  3  or  4. 

Referring  to  Figure  2,  suppose  we  take  an  initial  volume  of  no 
cu.  in.  corresponding  to  100  cu.  in.  piston  displacement  and  10  cu.  in. 
clearance^  the  effect  will  be  to  increase  Fand  R.  On  Figures  3  and  4 
this  might  be  shown  by  another  -P  =  i  line  still  lower  down  on  the 
diagram.  The  volume  and  temperature  lines  would  be  unchanged,  but 
all  the  pressure  and  the  energy  lines  would  have  to  come  down,  the 


BtVMtffft 


Aunofpherlc  pretmife. 


•  Original  toIobm. 


Original  temperature. 

Fig.  6.  —  Diagram  for  Ordinary  Gas- Engine  Cycle. 

former  an  amount  equal  to  the  difference  between  the  two  P  =  i  lines. 
As  indicated  roughly  in  Figure  5,  a  series  of  P  =  i,  atmospheric, 
other  pressure,  and  energy  lines  might  be  drawn  corresponding  to  con- 
venient clearances.  In  using  such  a  diagram  to  find  the  properties  of 
any  point  A  with  a  clearance  of,  say,  10  cu.  in.,  read  off  volume  and 
temperature  as  usual,  energy  from  the  intersection  of  A's  ordinate  with 
the  line  energy,  clearance  10  cu,  in,,  pressure  by  taking  with  dividers 
the  distance  along  As  ordinate  from  A  to  the  line  P  =  i,  clearance 
10  cu,  in,,  then  putting  one  point  of  the  dividers  on  the  line  F=  I 
whereupon  the  other  point  will  reach  down  to  some  volume,  say, 
F=  9 ;  then  P  is  9  for  the  point  A  ;  for  P  and  V  are  measured  to 
the  same  logarithmic  scale. 
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Diagrams  will  now  be  shown  for  several  types  of  gas  engines, 
-giving  the  changes  of  a  fixed  quantity  of  gas.  The  arrows  show  the 
directions  in  which  the  variables  increase  in  magnitude. 

The  ordinary  cycle,  Figure  6 :  Ay  drawing  in  of  charge,  no  change 
of  properties.  ABy  moderate  compression ;  temperature,  energy,  and 
pressure  increase ;  entropy  (measured  by  distance  between  adiabatics) 
varies  little  or  none ;  volume  diminishes.     BC^  ignition ;  volume  con- 


♦■"  Energy. 


Atmospheric  preawift. 


Original  volume. 


Original  temperature. 

Fig.  7.  —  The  Dieskl  Motor  Diagram. 

stant,  pressure,  temperature,  energy,  and  entropy  increase.  CD,  ex- 
pansion ;  entropy  varies  little  or  none ;  volume  increases ;  pressure, 
energy,  and  temperature  fall.  DE,  adiabatic  release  into  the  atmos- 
pliere ;  volume  becomes  greater  than  that  of  the  cylinder ;  DE  makes 
an  angle  with  CD  if  CD  is  not  an  adiabatic ;  pressure  falls  to  atmos- 
pheric ;  entropy  remains  constant ;  energy  and  temperature  fall.  E 
removal  of  waste  gases ;  no  change  of  properties.  The  energy  devel- 
oped by  combustion  is  the  difference  between  the  abscissae  for  the 
Vertical  lines  through  B  and  C ;  the  energy  rejected,  minus  the  original 
energy  of  the  gas  is  the  difference  between  D   and   A}     This,  is 

*  Energy  and  temperature,  which  are  considered  proportional  to  each  other,  are  constant 
along  the  ordinates.  Energy,  measured  by  abscissae,  would  be  most  easily  represented  by  a 
librizontal  scale,  but  I  wished  to  reserve  that  means  to  show  tem]>eratures,  so  drew  the  line 
KL  intersecting  volume  scale  and  undrawn  energy  scale  of  the  same  numerical  value. 
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probably  always  less  than  the  diflFerence  between  B  and  C,  since  the 
higher  values  are  closer  together  in  the  logarithmic  diagram. 

It  is  evident  that  one  aim  of  gas-engine  design  should  be  to  get  D 
(release)  and  A  (charge)  as  close  together  as  possible,  and  so  reduce 
the  energy  loss.  This  is  done  in  the  Diesel  motor  (Figure  7)^  by 
extreme  compression,  the  energy  imparted  by  ignition  (BC)  is  not 
diminished,  but  owing  to  its  logarithmic  position  the  diagram  is  nar- 
rowed, and  D  approaches  A,  With  an  infinite  compression  AB  and 
CD  would  coincide,  and  all  the  energy  of  compression  and  ignition 
would  be  given  up  in  the  expansion  CD^ 

Another  device  is  expansion  to  atmospheric  pressure  (Figure  8). 
The  difference  in  energy  between  F  and  D  is  saved ;  D  and  E  coin- 
cide ;  the  energy  between  E  and  A  is  still  lost.  There  is  not,  as  is  the 
case  with  the  Diesel  motor,  any  possibility  of  complete  utilization  of 
the  energies  of  compression  and  ignition.  As  the  compression  is  in- 
creased with  this  type,  the  diagram  is  narrowed  and  the  gain  due  to 
the  increased  expansion  falls  off  (1.  ^.,  the  energy  abscissae  of  /^and  D 
approach  equality). 


'  The  Diesel  motor  cycle  cannot  strictly  be  represented  by  my^diagranti ;  since,  after  com- 
pression the  amount  of  matter  in  the  cylinder  is  increased  by  the  injection  of  oil,  and  my 
diagram  requires  a  fixed  quantity  of  matter.  Figure  7  shows  correctly  how  the  high  com- 
pression of  the  Diesel  motor  produces  economic  results.  Compare  the  discussion  of  a  paper 
by  Eddy,  "  A  New  Graphical  Method  of  Constructing  the  Entropy  Temperature  Diagram 
of  a  Gas  or  Oil  Engine  from  its  Indicator  Card."  {Trans  Am,  Soc,  Mech,  Eng.^  1900, 
pp.  275-291.) 

'To  give  an  illustration  of  the  gain  in  efficiency  from  using  high  compression,  the  fol- 
lowing case  has  been  worked  out  from  a  smaller  plot  than  the  original  of  Figure  3,  using  a 
lo-inch  slide-rule  to  convert  numbers  to  and  from  logarithms.  Suppose  100  cu.  in.  gas  to  be 
compressed  adiabatically  to  1.00,  70,  20>  10^  or  o  cu.  in.,  and  then  to  receive  an  increase  in 
temperature  (energy  is  considered  proportional  to  temperature)  of  1,200^  F.  (a  very  small 
value)  in  each  case,  and  expand  adiabatically  to  original  volume.  The  results  would  be  as 
tabulated  below,  and  these  may  be  verified  in  Figure  4. 


Remarks. 


No  compression.     ) 
No  expansion.         ) 


All  enensy  of  com- 
pression restored. 

All  energy  of  com- 
bustion utilized. 


Voloroe  at 
compression. 


100  cu.  m. 

70 
so 
10 


Temperature 

at 
Compression. 


5a  I 


6oa 


1,326 
521  •\-  00 


Same+  1,300°  F. 

=:  Temperature 

at  Ignition. 


1,721 

1, 80a 
a,3oo 
2,526 

521  4-  •  +  «,aoo 


Temperature  at 

orifpnal  volume 

after  expansion. 


1,781 

1,561 
1,146 

989 

521  +  00  -f-  i,aoo 
—  00  —  i,aoo 

=  521 


Difference  between 

original  temperature 

and  temperature 

after  expansion. 


i,soo 

1,040 
625 
468 
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An  expansion  to  original  temperature  (G^  Figure  8)  would  indeed 
utilize  all  the  energies  of  compression  and  ignition,  but  a  vacuum-pro- 
ducing device,  like  the  condenser  of  a  steam  engine,  would  hardly  give 
the  good  results  obtained  in  steam  engine  practice. 

The  diflference  of  intrinsic  energy  of  two  points  on  a  compression 
or  expansion  curve  is  not  a  measure  of  the  external  mechanical  work 
done  by  the  gas  in  an  engine  cylinder  in  passing  from  one  of  the  con- 
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OrigixuU  tampMratnct. 

Fia  8.  —  Diagram  Showing  Complete  Expansion. 


ditions  to  the  other ;  for  the  gas  may  transform  or  fail  to  transform 
into  mechanical  work  energy  received  from  or  lost  to  the  cylinder 
walls,  etc. 

A  plot  about  1 6  inches  square  containing  the  upper  part  of  Figure 
4,  on  a  scale  of  5  inches  =  change  of  i  .000  in  log  volume,  will  give 
with  fair  precision  three  significant  figures,  sufficient  for  many  ordi- 
nary purposes.  A  scale  of  10  inches  =  change  of  i.ooo  in  log  vol- 
ume is  more  easily  read  and  preferable.    Ordinary  logarithmic  plotting 
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paper  of  the  size  i  —  icx>  may  be  used,  but  I  think  it  better  to  have 
the  temperatures,  as  in  Figures  3  and  4,  at  twice  the  logarithmic  scale 
of  the  volumes. 

Given  this  plot  (Figure  4)  and  a  little  careful  instruction,  a  man 
knowing  nothing  of  algebra,  logarithms,  calculus,  or  thermodynamic 
equations  ought,  in  the  opinion  of  the  writer,  to  be  able  to  figure 
gas-engine  design  intelligently.  The  preceding  discussion  is  not, 
however,  very  well  adapted  to  his  enlightenment.  He  needs 
directions,  not  derivation. 

While  this  paper  has  discussed  a  logarithmic  three-variable  diagram, 
other  functions  may  be  plotted  whenever  the  expressions  can  be  put  in 
the  form  of  three  simple  quantities  whose  algebraic  sum  is  a  constant, 
e.g,y  tan  a  +  log  tan  ^  +/r  =  ^,  etc. 

The  method  of  plotting  is  much  better  adapted  to  exhibiting,  cal- 
culating, or  verifying  data  following  known  laws,  than  to  deriving  for- 
mulae from  experimental  data.  As  a  method  of  deriving  formulae,  the 
best  thing  that  suggests  itself  to  me  is  a  soft  board  and  a  box  of  pins, 
each  bearing  a  label.  On  each  label  is  put  the  data  corresponding  to 
some  one  condition  experimentally  determined.  The  pins,  are  distrib- 
uted upon  the  board  in  such  manner,  if  possible,  that  each  variable 
varies  continuously.  If  this  succeeds  and  suggests  a  formula,  the 
formula  may  be  tested  by  a  plot.  The  size  of  the  triangle  between 
the  lines  representing  the  experimental  determination  of  some  one 
condition  is  an  indication  of  the  variation  of  the  data  from  the  assumed 
law,  and  may  or  may  not  suggest  modification  of  the  same. 


Summary. 

The  tri-axial  diagram  with  rectangular  coordinates  may  be  used 
to  plot  data  of  the  forms  ma  -^  nb  -^r  pc  =^  k^  and  a^  b^  c*  -^  k  where 
w,  «,  and  p  are  any  positive  or  negative,  integral  or  decimal,  real 
numbers. 

For  perfect  gases,  one  plot  will  give  with  no  confusion,  pressure, 
volume,  temperature,  entropy,  and  intrinsic  energy. 

All  the  lines  used  in  ordinary  gas-engine  diagrams  are  straight 
lines  on  such  a  diagram. 

A  diagram  may  be  made  that  will  allow  for  the  effect  of  varying 
clearance. 
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The  conditions  for  economy  from  using  compression,  expansion 
to  atmospheric  pressure,  and  expansion  to  original  temperature  are 
sharply  defined,  and  their  mutual  relations  made  apparent. 

A  man  with  no  knowledge  of  algebra,  logarithms,  calculus,  or  ther- 
modynamic equations  can,  the  writer  thinks,  by  means  of  the  diagram, 
design  gas  engines  intelligently. 

The  method  may  be  extended  to  other  than  logarithmic  functions. 

The  method  can  probably  be  used  in  deducing  formulas  for  the 
results  of  experimental  determinations. 
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METHOD  OF  CALIBRATING    TURBIDIMETERS. 

By  GEQRGE  C.  WHIPPLE  and  DANIEL  D.  JACKSON. 

The  Section  of  Bacteriology  and  Chemistry  of  the  American 
Public  Health  Association  at  its  annual  convention,  held  at  Buffalo 
in  Septeml)er,  1901,  adopted  the  report  of  progress  of  the  Committee 
on  Standard  Methods  of  Water  Analysis.  This  report  included  the 
recognition  of  the  Silica  Method  as  an  official  standard  for  estimating 
the  turbidity  of  water.  It  does  not  imply  that  direct  readings  upon 
the  silica  scale  shall  be  made  always,  but  that,  whatever  method!  is 
used  for  the  measurement  of  turbidity,  the  results  shall  be  reduced 
to  this  scale  and  expressed  in  terms  of  silica  in  parts  per  million. 
Observations  which  have  been  made  with  the  diaphanometer,  or  turbid- 
imeter, and  expressed  according  to  some  form  of  reciprocal  scale 
ought  hereafter,  if  the  action  of  the  Section  is  followed,  to  be 
expressed  according  to  the  silica  standard.  Hence,  for  convenience 
these  instrumei>ts  should  be  graduated  in  parts  per  million  of  Silica. 
As  the  authors  have  been  ask^d  several  times  to  explain  the  method 
of  calibrating  a  turbidimeter,  it  has  been  thought  best  to  put  this 
explanation  into  permanent  form  in  order  that  it  may  be  available 
for  future  reference. , 

The  use  of  the  diaphanometer  has  been  described  by  Hornung,^ 
Parmelee  and  Ellms  ^  and  by  the  authors.* 

The  essential  parts  of  the  instrument  are  shown  in  Figure  i.     They 
consist  of  a  vertical  tube  for  holding  the  sample,  which  has  opaque 
sides  and  bottom,  save  for  an  opening  at  the  bottom  in  the  form  of  a. 
cross,  through   which  light  may  enter ;   a  standard  source  of   light,. 


'  George  Hornung :  Diaphanometer  for  Measuring  the  Transparency  of  Water.    A  paper.* 
read  before  the  Engineers'  Club  of  Cincinnati,  March  19,  1896. 

'Parmelee  and  Ellms:   On  Rapid  Methods  for  the  Estimation  of  the  Weight  of  Sas^- 
pended  Matter  in  Turbid  Waters.    Technology  Quarterly,  Vol.  XII,  No.  2,  June,  1899. 

'The  authors:     A  Comparative  Study  of  the  Methods  Uxed  for  the  Measurement  of  the;. 
Turbidity  of  Water.    Technology  Quarterly,  Vol.  XIII,  No.  j,  September,  1900. 
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generally  a  Wellsbach  burner ;  a  condenser ;  and  a  reflector  for  trans- 
mitting the  light  upwards  through  the  tube.  The  reading  is  made  by 
pouring  the  sample  into  the  tube  until  the  cross  of  light  disappears 


FiG«  I. —  Cross  Skction  of  Diaphanometer  as  used  by  George  W.  Fuller  at 

Cincinnati. 

Af  Tube  for  holding  sample ;  B,  Cross  of  light  at  bottom  of  tube ;   C,  Case ;  Z>,  Wellsbach 
burner;  E^  Chimney;  F,  Condenser;  G,  Block  supporting  condenser ;  If,  Reflector. 

from  view.  The  depth  of  liquid  in  the  tube  may  be  obtained  by 
dividing  the  amount  poured  in,  expressed  in  cubic  centimeters,  by  the 
cross  section  of  the  tube  in  square  centimeters. 

The   calibration    consists    in   determining  this    depth    for   waters 
made  turbid  by  the  addition  of  different  known  amounts  of  standard 


I 

Is. 


Method  of  Calibrating  Turbidimeters,  287 

silica,  and  in  compiling  from  these  observations  a  scale  from  which 
future  observations  of  turbidity  may  be  obtained.  Inasmuch  as  local 
conditions,  especially  as  regards  the  intensity  of  the  light,  are  subject 
to  variation,  it  is  necessary  to  calibrate  each  instrument  under  the 
conditions  in  which  it  is  to  be  used.  Eor  the  method  of  preparing 
the  silica  standard  the  reader  is  referred  to  a  previous  paper  of  the 
authors  published  in  this  journal.^  To  calibrate  a  diaphanometer,  or 
turbidimeter,  proceed  as  follows  : 

Start  with  a  silica  standard  of  1000.  Pour  this  into  the  tube,  and 
at  the  point  where  the  cross  of  light  becomes  obscured  measure  the 
amount  that  has  been  poured  in,  or  measure  the  depth  of  the  liquid 
in  the  tube.  For  convenience  of  description  we  may  consider  that 
the  depth  may  be  read  directly,  which  is  the  case  when  a  removable 
glass  tube  inside  an  opaque  tube  is  used.  Repeat  the  operation  several 
times,  each  time  thoroughly  shaking  the  standard,  until  the  depth  has 
been  determined  with  exactness.  Dilute  the  standard  with  clear  water 
until  it  contains  but  qcx)  parts  of  silica  per  million,  and  determine  the 
depth  at  which  the  cross  of  light  disappears  as  before.  Continue  this 
process,  using  successive  dilutions,  until  the  observations  have  covered 
the  range  of  the  instrument.  The  results  of  these  observations  may 
be  marked  on  the  tube,  or  a  table  may  be  constructed,  giving  the 
turbidity  in  parts  per  million  of  silica  corresponding  to  different 
depths.  Observations  which  lie  between  the  calibrated  points  must 
be  obtained  by  interpolation.  The  larger  the  number  of  observations 
made,  the  more  accurate  will  be  the  scale. 

Instead  of  graduating  the  instrument  directly,  however,  greater 
accuracy  may  be  obtained  by  plotting  the  observations  and  drawing  a 
curve  which  will  represent  the  results,  thus  avoiding  errors  of  individ- 
ual observations.  Such  a  curve  is  shown  in  Figure  2?  The  abscissas 
represent  the  turbidity  of  the  standard  in  parts  per  million  of  silica ; 
the  ordinates  represent  the  depth  of  liquid  in  the  tube.  A 
calibration  table  may  be  made  from  this  curve  by  reading  the  tur- 
bidities which  correspond  to  various  depths,  but  it  is  advisable  to 
determine  the  formula  of  the  curve  and  calculate  these  values. 


'TscHNOLOGY  QUARTERLY,  Vol.  XII,  No.  4,  December,  1899. 

'  It  is  preferable  to  use  logarythmic  cross-section  paper  for  this  purpose. 
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Fig.  2.  —  Example  of  the  Calibration  of  a  Turbidimeter,  showing  the  Depth 
OF  Liquid  in  the  Tube  for  Various  Degrees  of  Turbidity. 
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Experience  has  shown  that  the  curve  may  be  represented  by  an 

equation  which  has  the  form  of 

c 

7  +  tf 

where  x  =  the  turbidity  in  parts  per  million  of  silica, 
y  =  the  depth  of  liquid  in  the  tube,  and  where 
c  and  a  are  constants. 
The  constants  are  determined   as  follows :   From  the  plot  read  the 
values  of  x  which  correspond  to  certain  integral  values  of  y.     Thus 
from  the  curve  shown  in  Figure  2,  we  find  that 

If^  =  5,     ;ir=  1000. 

If^  =  6,     ;r=    650. 

If  y  =  7,     ;r  =    520,  etc. 
Assume  for  ^  some  value  of  Xy  as,  for  example,  1000;  and  substitute 
this   and  various  values  of  x  and  y  in  the  general  equation,  obtain- 
ing a  series  of  equations  as  shown  below.     From  each  of  these  equa- 
tions calculate  the  value  of  a.     Thus  ;  — 

1000  =  — i — >    ixova  which  a  =  — 4.00 
S  +  a 

1000  '  ^ 

650  =  ^-j — »  a  =  —  4.46 

450  =  ^    .      >  a=—  5.78 

iocx>  ^ 

330  = j »  a  =  —6.99 

^^         lo  +  a 

iocx> 
190  =  -— -T- — >  a  =  —  9.74 

^       IS  +^ 

iocx> 

130  = i >  a  =  —  12,31 

20  +  a 

Next  find  the  value  of  a  in  terms  of^  by  making  a  second  plot,  as 
shown  in  Figure  3.  In  this  case  values  of  a  are  plotted  as  abscissas  and 
values  of  ^^  as  ordinates.  These  values  will  ordinarily  fall  in  a  straight 
line  over  the  portion  of  the  scale  where  the  observations  can  be  accu- 
rately made.     From  the  illustration  ^  given  it  is  evident  that 

17 

'  When  a  bb  10,  ^^^  15.5.  As  the  line  cuts  the  axis  oi  a  1.8  below  the  axis  of  y,  the 
slope  of  the  line  is  shown  by  the  ratio  10  :  15.5  +  1.8,  or  10  :  17.3,  or  approximately  i :  17 ; 

h«ace,  a' iL±±l 

«-7 
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Fig.  3.  —  Plot  to  Find  the  Valuk  of  a  in  Tbrms  of  y. 
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If  this  value  is  substituted  in  the  general  equation  with  c  assumed 

1000                           2430 
as  1000,  we  have  x  = ,      g,   or  jr  =     ^     as   the    equation 

^~      1.7 
of  the  curve. 

From  this  equation  it  is  possible  to  compute  a  table  giving  the 
turbidity  in  terms  of  the  silica  standard  which  corresponds  to  any 
depth  of   liquid  in  the  tube  when  the  cross  of  light  disappears. 

A  new  and  more  convenient  form  of  turbidimeter  is  described  by 
one  of  the  authors  in  the  Journal  of  the  American  Chemical  Society^ 
November,  1901.^  This  instrument,  which  is  shown  in  Figure  4,  may 
be  used  for  the  determination  of  the  turbidity  in  water  where  the 
turbidity  is  over  icx>  on  the  silica  scale.  Turbidities  of  less  than  icx> 
are  compared  directly  with  the  standards  in  tubes  or  bottles. 

The  advantage  of  this  instrument  is  that  standard  conditions  are 
used  so  that  the  formula  for  reading  is  always  the  same.  Conse- 
quently a  permanent  calibration  has  been  made  on  the  instrument, 
and  the  turbidity  may  be  read  directly  in  parts  per  million  of  silica 
from  the  graduation  on  the  tube. 

The  instrument  consists  of  a  tube  25  cm.  long  and  2.5  cm.  in 
inside  diameter,  graduated  from  the  bottom  upwards  in  centimeters 
and  millimeters  in  depth.  The  tube  is  also  graduated  in  parts  per 
million  of  silica  according  to  the  formula 

^  =  _248S_ 
.r +  75 

where  x  =  the  parts  per  million  of  silica  and  y  =  the  depth  in  centi- 
meters at  which  the  image  of  light  disappears. 

The  following  table  will  facilitate  the  permanent  graduation  of  the 
instrument. 


'  Jackson,  D.  D. :  The  Photometric  Determination  of  Sulphates. 
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Fio.  4. —  Section  of  the  Iicp&ovbd  Turbidimbtsk. 


Method  of  Calibrating  Turbtdinieters. 


293 


TABLE  >OR  GRADUATING  THE  TURpiDIMETER  IN  PARTS  PER  MILLION  OP 

SILICA. 


'  X^aits  per  Mttlioo  of  Silica. 

Depth  in  cm. 

Parts  per  Million  of  SOica. 

Depth  in  cm. 

1000 

2.3 

290 

'                                                                     1 

7.5 

900 

2.6 

280 

7.8 

8do 

2^9 

270 

8.1 

'    •    -^ '  7bo     '  ■  • 

3  2 

260 

8.4 

650 

3.5 

250 

8.7 

600 

3.8 

240 

91 

550 

fl 

230 

9.5 

500 

4.5 

220 

9.9 

450 

4.9 

210 

103 

400 

5.5 

200 

10.9 

390 

5.6 

190 

11.4 

380 

5.8 

180 

12.0 

370 

5.9 

170 

12.7 

360 

6.1 

160 

135 

350 

6.3 

150 

14.4 

340 

6.4 

140 

15.4 

330 

6.6 

130 

166 

320 

6.8 

120 

18.0 

310 

7.0 

110 

19.6 

300 

7.3 

100 

21.5 

The  glass  tube  can  be  slipped  into  a  holder  which  envelops  the 
sides  and  is  open  at  the  bottom,  except  for  a  narrow  rim  which  serves 
to  hold  it  in  place.  The  bottom  of  the  tube  is  on  a  level  with  the 
bottom  of  the  holder.  A  flange  12  cm.  in  diameter  shuts  out  the 
stray  light  of  the  candle  from  the  eyes.  Readings  are  made  in 
the  dark  room.  A  standard  candle  is  used,  the  top  of  which  is  just 
3  inches  (J,6  cm.)  below  the  bottom  of  the  glass  tube  when  in  place 
for  reading. 

The  instrument  is  held  by  an  adjustable  iron  ring.  A  second 
ring  suspended  3  inches  below  the  first  marks  the   point    at    which 
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the  top  of  the  candle  should  come.  The  candle  is  lighted  and  the 
liquid  to  be  tested  for  turbidity  is  then  poured  into  the  glass  tube 
until  the  image  of  the  light  just  disappears.  The  reading  in  parts 
per  million  expressed  in  the  silica  standard  is  then  taken  directly 
from  the  glass  tube.  The  bottom  of  the  meniscus  should  always 
be  taken  for  the  reading. 

The  simplicity  of  this  instrument  and  the  rapidity  with  which 
readings  may  be  made  should  recommend  it  above  other  types  of 
turbidimeters. 

ML  Prospect  Laboraiory^ 
Brooklyn,  N.  Y. 
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III. 
A   PORTABLE   OUTFIT  FOR    WATER  ANALYSIS. 

By  a.  G.  woodman. 

There  is  a  constantly  increasing  demand  in  water  analysis,  as  in 
other  branches  of  sanitary  science,  for  more  field  work.  The  labora- 
tory for  water  analysis,  though  equipped  with  the  best  apparatus  and 
in  charge  of  the  most  skillful  analysts,  is  hampered  by  restrictions  of 
time  and  distance.  It  is  not  always  possible  for  the  mountain  to 
come  to  Mahomet,  and  in  these  cases  Mahomet  must  go  to  the 
mountain.  There  is  a  large  field  of  usefulness  for  the  laboratory 
which  can  be  brought  directly  to  the  well  or  river.  There  is,  more- 
over, oftentimes  a  considerable  saving  of  expense  in  making  a  pre- 
liminary survey  with  simple  apparatus  before  calling  into  requisition 
all  the  paraphernalia  needed  for  final  work. 

In  making  preliminary  examinations  of  most  likely  sources  for  a 
town  or  city  supply ;  in  testing  the  available  water  supply  for  a  camp, 
whether  of  soldiers  or  pleasure  seekers ;  in  the  hands  of  the  sanitary 
engineer,  seeking,  it  may  be,  to  explore  and  develop  our  new  island 
possessions ;  in  cases  like  these  the  value  of  a  simple,  portable  outfit 
will  be  apparent.  The  development  of  the  mining  interests  of  the 
West  would  have  been  sadly  hampered  if  the  assay  laboratory  had  not 
been  supplemented  by  the  prospector's  "kit." 

The  water  analysis  kit  which  is  here  described  has  been  arranged 
in  the  hope  that  it  may  prove  of  use  in  the  service  of  the  prospector 
for  pure  water.  Cabinets  of  apparatus  and  reagents  for  water  analysis 
are  on  the  market,  but  what  is  especially  desired  is  a  case  which  can 
be  made  at  only  slight  expense  and  fitted  up  from  material  to  be 
found  in  every  water  analysis  laboratory.  It  is  not  expected  that  the 
contents  and  the  arrangement  will  in  every  instance  be  exactly  similar 
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to  those  of  the  outfit  described,  for  these  will  undoubtedly  be  varied 
to  suit  individual  preferences  as  to  tests  and  methods  ;  these  are  to  be 
taken  simply  as  suggestions  in  this  line. 

A  general  view  of  the  interior  of  the  case,  open,  and  filled  with 
the  reagents  and  apparatus,  may  be  had  from  the  accompanying  illus- 
tration, reproduced  from  a  photograph.  It  is  made  of  light  wood, 
^  inch  thick,  of  the  following  outside  dimensions :  1 5  inches  long, 
13J  inches  high,  4^  inches  deep.  The  top  is  hinged  so  as  to  turn 
back,  and  the  front  swings  outward.  The  reagent  bottles,  which  are 
of  two  sizes,  containing  75  c.c.  and   100  c.c.  respectively,  are  carried 


Interior  of  Case,  showing  Arkangkukht. 

on  the  bottom  and  on  a  shelf  above.  The  upmost  shelf  is  divided 
into  compartments  for  the  more  convenient  storage  of  small  pieces 
of  apparatus.  '  Horizontal  wooden  strips  on  the  inside  of  the  door 
serve  as  a  rack  for  test  tubes,  and  when  the  door  is  closed  press 
against  the  reagent  bottles  and  hold  them  firmly  in  place.  Nessler 
tubes  are  carried  horizontally  in  loops  of  elastic  "webbing"  on  the 
inside  of  the  door,  and  pipettes  in  the  same  way  on  the  under  side 
of  the  top.  It  is  hardly  necessary  to  give  the  exact  dimensions  for 
the  interior  fittings,  since  these  will  vary  with  the  size  of  the  bottles 
and  apparatus.  The  case  is  provided  with  a  handle  at  the  top,  and  is 
of  a  convenient  shape  to  carry  in  the  hand.  Complete,  it  weighs 
about  ten  pounds.     A  small  wire  ring  suitable  for  holding  a  crucible 
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or  small  dish  is  attached  at  one  side  where  it  can  be  readily  swung 
out  for  use,  and  a  clamp  for  holding  a  pipette  when  used  as  a  burette 
is  fastened  to  the  door.  Other  simple  and  convenient  bits  of  appa- 
ratus will  readily  suggest  themselves. 

The  following  pieces  of  apparatus  are  provided : 

1  — 10  c.c.  pipette  graduated  in  tenths. 
1—  S  •*  "  •• 
2—2             "             ••           .  hundredths. 

25  C.C.  calibrated  flask. 
2}-inch  porcelain  evaporating  dish. 
•  2  —  No.  7  porcelain  crucibles. 

Small  drinking  cup. 
Candle. 

2  —  Nessler  tubes  marked  at  50  cc. 
6  —  Test  tubes. 

Test  tube  brush. 

Short  pieces  glass  tubing. 

Stirring  rod. 

Burette  tip  for  converting  pipette  into  a  burette. 

100  c.c.  glass-stoppered  bottle. 

The  reagents,  which  are  carried  in  glass-stoppered  bottles,  are  as 
follows  : 

100  c.c  Nessler  solution. 

*'       Potassium  hydroxide  (20  per  cent,  solution). 
"  ■      Sulphuric  acid  (sp.  gr.  1.84). 
"       Acidified  silver  nitrate. 
*'       Soap  solution. 

*'       Potassium  permanganate    (App.   —  -solution]. 

75  cc.  Sulphanilic  acid. 

Naphtylamine  acetate. 

Phenol  disulphonic  add. 
**      Diphenylamine  (solid). 

Potassium  permanganate  (crystals). 

Potassium  sulphocyanate  (5  grams  ^x  liter). 

Hydrochloric  acid  (sp.  gr.  1.12). 
"      Barium  chloride  (10  per  cent  solution). 

The  preparation  of  some  of  the  less  contmon  reagents  in  this  list 
will  be  briefly  described. 

Nessler  Solution,  —  Dissolve  61.75  grams  KI  in  250  c.c.  distilled 
water  and  add  a  cold  saturated  solution  of  HgClg,  which  has  been 
made  by  boiling  with  an  excess  of  the  salt  and  allowing  it  to  crystal- 
lize out.  Add  the  HgClj  cautiously  until  a  slight  permanent  red 
precipitate  (Hgl^)  appears.  Dissolve  this  precipitate  by  the  addition 
of  0.75  gram  powdered   KI.     Add    150   grams  KOH,   dissolved  in 
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250  c.c.  of  water,  make  up  to  a  liter,  and  allow  it  to  settle  twenty- 
four  hours.  Decant  for  use.  This  solution  should  give  a  maximum 
color  with  ammonia  within  five  minutes. 

Sulphanilic  Acid. —  Dissolve  0.5  gram  of  sulphanilic  acid  in 
150   C.C.   of   acetic   acid,  sp.  gr.   1.04. 

Naphtylamine  Acetate. —  Boil  o.  i  gram  of  a-naphtylamine  in  20  c.c. 
of  water ;  filter  through  a  plug  of  washed  absorbent  cotton,  and  add 
180  c.c.  of  acetic  acid,  sp.  gr.  1.04. 

Phenol  Disulphonic  Acid. — Heat  together  3  grams  synthetic  phenol 
and  37  grams  pure,  concentrated  sulphuric  acid  in  a  boiling  water- 
bath  for  six  hours. 

Acidified  Silver  Nitrate. —  A  S  per  cent,  solution  of  silver  nitrate 
made  strongly  acid  with  nitric  acid. 

Soap  Solution, —  Dissolve  100  grams  of  the  best  white,  dry  castile 
soap  in  a  liter  of  80  per  cent,  alcohol.  Of  this  strong  solution  dilute 
75  to  100  c.c.  to  a  liter  with  70  per  cent,  alcohol.  Add  70  per  cent, 
alcohol  until  14.25  c.c.  of  the  resulting  solution  gives  a  lather  per- 
sisting for  five  minutes  with  50  c.c.  of  a  standard  calcium  chloride 
solution  (I  c.c.  =  0.000200  gram  CaCOg). 

The  tests  which  can  be  applied  to  a  water  by  means  of  this  outfit ' 
and  the  manner  of  making  them  are  as  follows : 

(i)  Color, —  Fill  a  Nessler  tube  to  the  mark  with  the  water  and 
observe  the  depth  of  color,  looking  lengthwise  of  the  tube  against  a 
piece  of  white  paper.  Record  as  very  slight,  slightly  yellow,  light 
straw,  dark  brown,  etc. 

(2)  Free  Ammonia. —  Fill  a  Nessler  tube  to  the  mark  with  the 
water,  drop  in  about  a  cubic  centimeter  of  the  Nessler  solution  and 
after  five  minutes  note  the  color  and  record  as  above.  If  the  water 
itself  has  much  color,  this  will  interfere  and  the  test  should  then  be 
made  comparative,  using  two  Nessler  tubes  and  Nesslerizing  only  one. 

(3)  Nitrites, —  Fill  a  ^est  tube  half  full  of  the  water  and  with  a 
glass  tube  add  2  c.c.  each  of  sulphanilic  acid  and  naphtylamine  acetate. 
Observe  the  color  at  the  end  of  five  minutes. 

(4)  Nitrates. —  (a)  Measure  i  c.c.  of  the  water  into  a  porcelain 
crucible.  Evaporate  quickly  just  to  dryness  over  a  candle  flame. 
Add  2  drops  of  phenol  disulphonic  acid  and  then  2  to  3  c.c.  of  potas- 
sium hydroxide  solution.  The  yellow  color  can  be  seen  when  the 
nitrate  amounts  to  .100  part  per  million  or  more.     If  the  yellow  color 
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is  very  deep,  a  better  idea  of  the  amount  of  nitrate  present  may  be 
had  from  test   (b). 

(b)  Place  in  the  porcelain  dish  a  bit  of  diphenylamine  the  size  of 
a  pinhead.  Add  10  drops  of  strong  sulphuric  acid  and  mix  thoroughly 
with  a  glass  rod.  Let  one  drop  of  the  water  fall  directly  on  the  acid 
and  note  if  any  blue  color  appears  within  one  to  two  minutes.  Do 
not  mix  after  adding  the  water.  The  test  carried  out  in  this  way  will 
show  the  presence  of  2.ocx>  parts  per  million,  or  more,  of  nitrates. 

(5)  Chlorine. —  Use  25  c.c.  of  the  water  in  a  test  tube  and  about 
I  c.c.  of  acidified  silver  nitrate.  No  appreciable  milkiness  means  less 
than  5  parts  per  million;  distinct  milkiness,  10  parts;  clotted  pre- 
cipitate, 40  parts ;  heavy  precipitate,  settling  readily  to  the  bottom, 
100  parts  or  more. 

(6)  Hardness, — -  Carry  out  the  test  in  the  usual  manner,  using 
25  c.c.  of  the  water  in  a  loo  c.c.  bottle  and  titrating  with  the  soap 
solution  from  a  pipette.  Values  taken  from  the  table  which  is 
appended  will  be  fairly  close  and  serve  for  comparison. 


PARTS  OF  CaCO,  IN  1,000,000  FOR  EACH  TENTH  OF  A  CUBIC  CENTIMETER 

OF  SOAP  SOLUTION  USED. 


C.C. 

0.0 

0.1 
cc 

o.a 
c.c 

0.3 
CC 

0.4 
cc 

0.5 

CJC 

0.6 
CC 

0.7 

cc 

0.8 
c.c 

0.9 
cc 

0.0 

0.0 

1.6 

.  4.8 

7.9 

ii.i 

14.3 

16.9 

I.O 

19.5 

aa.i 

»4-7 

87.3 

a9.9 

3».5 

35. « 

37-7 

40.3 

4a.9 

a.o 

457 

48.6 

5«-4 

54  3 

57. » 

60.0 

6a.9 

65.7 

68.6 

7«4 

3.0 

74.3 

77.1 

80.0 

8a.9 

857 

88.6 

91.4 

94.3 

97.1 

100.0 

4.0 

103.0 

to6.o 

109.0 

iia.o 

115.0 

118.0 

lai.i 

ia4.i 

127.1 

130.1 

5.0 

133- 1 

136.1 

139- « 

14a.  1 

145.  a 

148.4 

151.6 

1548 

157.9 

161. 1 

6.0 

I64.3 

167.5 

170.6 

173.8 

177.0 

i8o.a 

183.3 

186.5 

189.7 

193.9 

7.0 

196.0 

i99.a 

3oa.4 

ao5.6 

ao8  7     . 

aii.9 

215.1 

318.5 

aai.8 

335.3 

(7)  Permanganate    Test. —  The  solution  is  approximately 


N 
100 


The  test  is  carried  out  in  a  Nessler  tube,  using  50  c.c.  of  the  water 
and  adding  the  solution  drop-wise,  noting  the  amount  required  and 
the  rapidity  with  which  the  pink  color  vanishes.  The  test  carried 
out  in  this  way  can,  of  course,  be  considered  advisory  only. 

(8)  Iron. —  This   test  will   be   most    useful    in    the    case    of   well 
waters,  to  which   it   may   be   applied   directly   without   evaporating. 
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Take  50  c.c.  of  the  water  in  a  Nessler  tube,  make  it  distinctly  acid 

N 
with  hydrochloric  acid  and  add  the  permanganate  drop  by  drop, 

100 
until  a  faint  permanent  pink  color  is  produced.     Now  add  5  c.c.  of  the 
potassium  sulphocyanate  and  mix  the  contents  of  the  tube.     A  dis- 
tinct color  will   be  given  with  .250  or  more  parts  per    1,000,000  of 
iron. 

(9)  Sulphates.  — The  usual  qualitative  test  with  hydrochloric  acid 
and  barium  chloride  carried  out  in  a  test  tube. 

Before  beginning  the  analytical  work  take  a  comprehensive  survey 
of  the  surroundings  of  the  water  —  it  may  render  the  analysis  easier, 
or  even  unnecessary ;  when  a  luxuriant  growth  of  green  algae  is  seen 
around  the  outlet  of  a  brook  into  the  pond,  a  shrewd  guess  as  to  the 
quality  of  the  water  may  be  made  without  the  help  of  a  chemical 
analysis. 

In  the  case  of  a  well  —  note  the  proximity  of  dwellings  and  out- 
houses ;  look  for  evidences  of  drains,  cesspools,  etc.  ;  note  the  general 
character  and  slope  of  the  soil. 

In  the  case  of  surface  waters  —  note  whether  the  water  seems  high 
or  low ;  whether  there  is  much  green  growth  on  or  in  the  water  ;  if  a 
pond,  examine  if  necessary  the  condition  of  any  brooks  or  feeders. 
Much  may  sometimes  be  learned  by  following  these  for  a  distance. 

Finally,  a  word  of  caution  may  be  necessary  as  to  the  way  in 
which  the  outfit  is  to  be  used.  It  must  be  borne  clearly  in  mirid 
that  the  apparatus  is  not  gotten  up  for  the  benefit  of  the  tyro  in 
water  analysis,  nor  does  the  fact  that  the  outfit  is  a  simple  one  imply 
that  the  subject  of  water  analysis  is  thereby  simplified ;  as  a  matter 
of  fact,  more  experience  in  analysis  and  knowledge  in  interpretation 
of  results  is  needed  for  the  use  of  this  apparatus  than  for  regular 
laboratory  work. 

It  is  to  be  regarded  simply  as  an  attempt  to  apply  engineering 
methods  to  preliminary  or  isolated  problems  in  connection  with  water 
supplies,  a  subject  which  is  coming  more  and  more  into  the  province 
of  the  engineer.  Such  an  attempt  would  have  been  impossible  in  the 
past,  when  the  training  of  the  engineer  left  him  entirely  ignorant  of 
the  technique  of  water  analysis  and  when  the  data  of  the  chemist  and 
the  biologist  was  to  him  an  unknown  language.  This  is  now  changed, 
and  the  well-trained  sanitary  engineer  of  today  has  a  good  working 
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knowledge  of  the  best  chemical,  biological  and  bacteriological  methods. 
It  is,  then,  in  the  hands  of  such  engineers  as  these,  who  have  had  a 
sound  laboratory  training,  who  know  quite  well  what  are  the  limita- 
tions of  their  apparatus  and  of  themselves,  that  an  outfit  of  this  kind 
will  find  its  greatest  usefulness. 

Massachusetts  Institute  of  Technology^ 
Boston,  Mass.,  October,  igoi. 
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Contributions   from  the  Laboratory  of  Sanitary  Chemistry. 

IV. 

NOTES   ON  OSCILLARIA   PROLIFICA    {Greville). 

By  ISABEL  F.  HYAMS  and  ELLEN   H.  RICHARDS. 

First    Paper  :    Life  History. 

This  plant,  one  of  the  Cyanophyceae,  was  first  brought  under  our 
notice  in  the  course  of  our  work  in  connection  with  the  systematic 
examination  of  the  public  water  supplies  of  Massachusetts  under  the 
auspices  of  the  State  Board  of  Health.  One  of  these  supplies  was 
from  Jamaica  Pond,  which  is  some  eighty  rods  from  the  residence  of 
one  of  us.  This  body  of  water  lies  in  a  suburb  of  Boston,  about  four 
miles  west  from  Dorchester  Bay.  It  is  approximately  circular,  half 
a  mile  in  diameter ;  it  is  much  of  the  shape  of  an  inverted  Mexican 
hat,  with  a  deep  pit  somewhat  out  of  the  centre,  between  50  to  60 
feet  in  the  deepest  part.  One-third  of  the  area  is,  however,  less  than 
ID  feet  deep.  The  shores  are  sandy  and  pebbly,  with  no  marshy 
spots.  One  cove,  probably  artificially  deepened  for  a  boat  landing, 
runs  in  between  two  sharp  bluffs  and  is  the  only  approach  to  a  marshy 
condition.  There  is  the  merest  brooklet,  feeding  the  pond  for  a  short 
time  in  heavy  rains  and  in  wet  seasons,  most  of  the  water  coming 
from  springs.  Not  since  the  settlement  of  the  region  has  there  been 
any  outlet.  The  water  is  of  fair  quality,  and  furnished  the  earliest 
public  water  supply  of  the  City  of  Boston.  The  Jamaica  Pond  Aque- 
duct Company  was  incorporated  in  1795.  Forty-five  miles  of  white 
pine  logs,  nearly  i^  feet  in  diameter,  with  s|-inch  bore,  delivered 
about  400,000  gallons  daily  as  far  as  Fort  Hill.  In  1897  some  of 
these  pipes  were  found  in  good  preservation.  A  portion  of  Roxbury 
was  supplied  with  this  water  until  1893,  when  the  pond  became  part 
of  the  Park  System.  Analyses  of  the  water  will  be  found  in  a  latei* 
paper. 
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Some  half  dozen  estates,  with  two  stretches  of  public  road  and 
two  ice  houses,  formed  the  shore  of  the  pond,  and  the  historian, 
Francis  Parkman,  made  here  his  beautiful  gardens,  to  which  he 
brought  the  treasures  of  the  lands  he  visited. 

In  the  spring  of  1886,  the  smelts,  with  which  the  water  is  usually 
well  stocked,  died  in  great  numbers,  and  while  many  were  raked  from 
the  surface,  many  more  fell  to  the  bottom.  The  next  May  there  was 
noticed  on  the  water  a  light  brown  scum,  which  soon  disappeared ;  but 
during  the  four  years  following,  the  growth  was  such  that  the  whole 
mass  of  water  was  colored,  at  times  a  dirty  red,  and  the  scum,  washing 
up  on  the  rocks,  decomposed  with  a  rich  purple  color  and  a  disagree- 
able odor.  The  year  in  which  the  plant  was  most  abundant,  it  did  not 
entirely  disappear  during  the  winter,  but  was  found  embedded  in  the 
ice  which  was  cut  from  the  water.  In  other  years  it  disappeared  in 
July,  and  the  water,  which  in  June  was  so  turbid  that  nothing  could 
be  seen  at  a  depth  of  12  inches,  became  clear  to  10  feet  or  more. 
It  is  stated  that  about  i860  something  of  the  same  sort  occurred. 
From  187s  to  1886,  however,  it  was  not  noticeable.  Since  its  appear- 
ance in  1887,  the  pond  has  never  been  free  from  it ;  in  some  years  it 
has  been  worse  than  in  others,  dependent  upon  temperature  and 
sunlight.  *  No  other  body  of  water  in  America  has,  so  far  as  we  know, 
been  so  infested. 

During  the  years  1888  to  1892,  many  samples,  not  only  of  the 
surface  water,  but  of  that  at  various  depths,  and  of  ice  cut  in  winter, 
came  into  the  laboratory.  The  results  of  examinations  include 
microscopical  records  by  a  trained  botanist ;  but  the  exigencies  of 
rapid  routine  work  and  the  changes  in  the  personnel  of  the  staff,  for 
various  reasons,  together  with  the  fact  that  the  use  of  the  pond  as  a 
water  supply  was  to  be  given  up  on  account  of  the  inclusion  of  the 
whole  region  as  a  part  of  the  Park  System  of  Boston,  resulted  in 
rather  fragmentary  records.  The  observers  by  no  means  agreed 
among  themselves  as  to  the  name  of  this  plant,  and  its  life  history 
appeared  to  be  quite  unknown. 

Our  interest  was  aroused  by  the  mystery  surrounding  this  alga,  so 
peculiar  to  this  pond,  so  constant  in  its  occurrence,  and  abundant  in 
quantity  as  to  almost  exclude  other  forms  of  plant  life ;  and  we  have 
made  it  an  object  of  study  during  thirteen  years. 

For  the  past  two  years  an  almost  daily  record  has  been  kept  of  the 
various  conditions  of  its   growth   and   decay,  and    micro-photographs 
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—  OSCILLARIA    PRULIFICA.        FlLAMKKTS   WrTH    SHORT  COLUMNAR  CELLS. 


Fig.  1.  —  SiMiLAB  TO  Fiuuke  i.     Microscope  Focuseii  tc 
RErsACTiLS  Bodies  in  the  Crlls. 
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have  been  made  of  the  more  important  phases  ;  so  that  many  points 
have  been  determined  in  its  life  history,  in  its  chemical  composition, 
and  in  its  relation  to  the  general  question  of  water  supply. 

We  allow  the  accompanying  illustrations  (Figures  i,  2,  and  3)  to 
serve  for  the  technical  botanical  description  and  contine  ourselves  to 
the  behavior  of  the  plant. 

Doubtless  the  difficulty  experienced  by  earlier  observers  in  identi- 
fication was  due  to  the  great  changes  in  size,  color  and  appearance  at 
different  times  and  to  the  rarity  of  spore  formation.  Constant  obser- 
vation, however,  shows  the  continuity  of  all  phases  and  renders  abso- 
lutely certain  the  identity  of  the  differing  forms. 

Oscillaria  frolifica  well  deserves  its  name,  since  its  increase  under 
favoring  conditions  is  marvelous.      On  a  given  day  no  one  but  a  close 


Fio.  3.  —  Oscillaria  Pfoufica.     Filaments  of  Elongated  ItARRSL-SHAFED  Cells, 
SHOWING  Two  Cells  in  Process  of  Dbgenbratioh,  and  One  that  is 

observer  would  see  in  the  turbidity  of  the  water  any  indication  of  the 
possibilities  which  within  twenty-four  hours  may  give  a  floating  mass 
of  many  hogsheads  in  volume  and  covering  acres  in  extent.  For 
instance,  in  1898  the  first  "scum"  was  collected  on  May  26.  On 
June  1 1  the  water  barely  appeared  turbid  in  a  depth  of  i  foot,  and 
only  on  the  margin  of  the  east  shore  was  the  fresh  growth  plainly 
visible,  at  6  p.m.  The  next  day,  Sunday,  was  bright  and  very  warm. 
Monday  morning,  at  6  a.m.,  the  water  was  opaque,  and  large  patches, 
like  red  brown  cream  on  a  pan  of  milk,  floated  in  the  gentle  breeze. 
The  patches  were  of  several  square  yards  in  extent,  and  as  the  wind 
freshened  they  piled  up,  like  Nansen's  ice,  until  the  skimmer  took  up 
thick  clots  like  rich  cream.  Several  gallons  of  this  cream,  nearly 
pure  Oscillaria,  was  obtained. 

The  strong  wind  soon  broke  up  the  mass,  and  cold,  cloudy  weather 
followed,  so  that  no  more  scum  was  seen ;  and  on  June  24  the  water 
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FiC.   4.— 'FiLAMEim   in    THE    BaOKCN    CoMmTIOH. 


Fic.  ;.  — Floating  Masses  ur  Oscillakia  oh  Jamaica  Pond,  Jul 
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was  clear  to  the  depth  of  4  to  6  feet,  and  the  only  source  of  speci- 
mens was  the  impure  sediment  obtained  by  washing  the  stones  and 
gravel  on  which  it  had  settled.  At  this  date  the  color  was  green,  no 
longer  red  brown.  A  mass  of  it  was  dark  olive-green,  and  that  which 
had  settled  on  the  stones  was  broken  in  short  pieces,  with  peculiar 
cells  on  the  ends,  as  if  these  cells  formed  a  line  of  weakness.  (See 
Figures  3  and  4.)     In  the  earlier  stages  of  growth  the  ends  of  the  fila- 


FiG.  6.  —Gathering  the  Scum  on  Jamaica  Pond,  June  iz,  1901. 

ments  are  blunt  pointed  like  the  head  of  a  tape  needle.     (Figure  i.) 

During  the  time  of  abundant  growth  no  spores  are  found,  only  the 
long,  interlacing  threads,  forming  a  thick  felt.  Figures  5  and  6  show 
the  masses  of  Oscillaria  being  driven  before  the  gentle  breeze,  at  8 
o'clock,  on  June  12,  1901,  small  patches  being  visible  at  least 
halfway  across  the  pond.  On  the  day  before,  the  "cream"  was 
collected  from  the  opposite  shore,  the  wind  having  been  from  the 
south.       Nearly  a   barrel    of  the  drained  substance  was  collected  in 
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these  two  days,  and  one  hundred  barrels  might  easily  have  been 
obtained.  In  a  week  the  plant  had  disappeared  from  the  surface, 
and  the  water  was  clear  to  a  depth  of  2  or  3  feet.  In  each  of  these 
thirteen  years  there  have  been  two  days  only  on  which  collection 
could  be  made  of  any  quantity ;  on  three  to  five  days  a  slight  scum 
was  found.  The  following  table  of  the  years  1900 — 1901  will 
serve  to  show  the  regularity  of  growth,  confirmed  by  many  other 
observations. 


Datb. 

1900 


April  9 
April  24 
April  29 


May   8 
May  10 


June  15 
September  20 


§ 


r 

■)  O 

H 


48° 
51° 
53° 


52° 
51° 


70° 


Appbaramcs. 


First  sample  observed. 


«( 


<( 


(( 


2 

9 


43°  K.  43° 
43°  I  41° 
43°   I  41° 


49° 


60= 


First  film  seen.    Between  April  2  and  April  24  only  three  days 
of  sunshine.     Film  green,  not  hi  own. 


May   8. 

57° 

64° 

Slight  scum 

May    9 

'   55° 

« 

May  14 

62° 

May  22 

64° 

80° 

Slight  film 

May  26 

55° 

Green  scum  with  brown 
streaks 

June    3 

June    5  (sur- 
face) 

58° 
73° 

Abundant  growth 

June  11 
(deeper) 

61° 
64° 

52° 

Abundant  growth 

June  12 

67° 

* 

June  19 

69° 

Spores.     Frothy. 

September  22 

0 

Not  until  the  end  of  August  do  even  occasional  spores  show  them- 
selves. (Figures  7  and  8.)  By  the  middle  of  September  they  are 
not  uncommon,  but  they  are  never  abundant  even  in  October.     They 
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Fig.  7.  —  Portion  o  f 
Filament  of  Oscillaria 
Prolifica  bearing  a 
Spore.  Cells  barrel-shaped, 
color  bright  green.  The 
Spore  is  lighter  in  color  and 
more  homogeneous  i  n 
structure  than  the'  other 
cells  and  is  surrounded  by 
a  thick,  colorless  envelope. 
From  living  material  col- 
lected Oct.  19,  1901,  and 
treated  on  the  slide  with 
formaline  and  iodine. 
Camera  lacida  drawing  by 
R.  P.  Rigelow.     X  705. 


apparently  serve  to  carry  the  species  through 
exceptionally  severe  conditions.  For  the 
most  part,  the  plant  breaks  up  into  short 
pieces  of  two  or  four  divisions,  as  shown 
in  Figure  4,  and  thus  propagates  by  seg- 
mentation. These  fragments  become  de- 
cidedly heavy  and  rest  oa  the  bottom, 
especially  on  the  stones,  at  a  depth  of  2  to 
4  feet  around  the  edge  of  the  water.  They 
appear  to  be  suspended  in  the  denser  water 
near  the  bottom  of  the  shallower  portion. 
They  are  not  abundant  in  the  mud  of  the 
bottom  at  the  greatest  depth.  From  which 
we  may  say,  in  general,  that  Oscillaria 
prolifica  lies  dormant,  either  in  the  form 
of  broken  threads  of  various  lengths  and 
various  stages  of  arrested  development,  or  in  the  form  of  spores 
during  the  winter.  That,  as  spring  advances  and  the  surface  of  the 
water  becomes  warmed  to  a  temperature  of  about  60°  F.,  the  plant 
begins  to  grow,  and  continues,  so  long  as  food  and  other  conditions 
last,  until  the  water  reaches  a  temperature  of  72°,  when  rapid 
breaking  up  occurs. 
A  week  of  cool  weather 
in  midsummer,  as  in 
1 89 1,  will  often  allow 
of  an  increased  growth, 
and  a  succession  of 
warm  days  in  late 
October  will  frequently 
permit  of  a  fairly  vigor- 
ous growth  along  the 
edges  where  the  water 
is  warm. 

Certain  chemical 

considerations    will     be  Fig.  8. -Oscillaria   Prolifica.       Two   filaments 

given  in  another  paper  bearing  Spores  as  in  Figure  7,  and  part  of  one  filament 
as    to   the   food    of     the      ^'^^  short  columnar  cells,  color  olive-green.    Spores  were 

not  observed  in  filaments  in  the  latter  condition.  Material 
plant.  same  as    Figure    7.      Camera  lucida  drawing  by  R.  P. 

Bigelow.    X  765. 


3IO  Isabel  F.  Hyams  and  Ellen  H,  Richards. 

The  most  remarkable  variation  in  color  occurs  under  the  varying 
conditions.  At  the  time  of  the  first  observations,  1886  to  1890,  the 
color  in  early  spring  and  late  fall  was  an  ocher  yellow  to  a  Bismarck 
brown.  The  same  shade  is  observed  when  an  October  growth 
appears.  In  June,  during  the  period  of  greatest  growth  and  longest 
days  of  sunshine,  the  whole  mass  of  water,  when  stirred  by  the  wind, 
appears  a  brownish  red,  sometimes  suggesting  chocolate,  sometimes 
more  like  dried  blood.  On  still  mornings,  after  a  hot,  sunny  day, 
the  large  patches  found  floating  on  the  surface,  many  square  yards 
in  extent,  are  of  an  orange  brown  color.  These  are  composed  of 
the  new  growth  of  the  day  before,  and  soon  become  distributed 
into  the  deeper  layers  by  the  wind,  or  are  driven  on  shore  to 
decay  on  the  rocks,  giving  to  them  a  rich  purple  coating,  while  the 
surface  of  the  water  is  covered  with  a  froth,  especially  around  the 
edges.  In  July  and  August,  during  all  these  thirteen  years,  the  color 
has  been  uniformly  green,  usually  a  more  or  less  brilliant  bhie-green, 
justifying  the  right  of  this  species  to  be  classed  with  the  Cyanophy- 
ceae.  The  pond  in  some  seasons  is  of  a  very  rich  color ;  in  others, 
as  in  1901,  a  light,  dirty  green.  In  the  resting  stage  the  color  is 
always  blue-green.  In  short,  whenever  the  plant  is  found  below 
the  surface,  it  is  blue-green  in  color. 

The  odor  of  the  growth  is  a  strong  grassy  odor,  not  unpleasant ; 
but  the  odor  of  decay  is  intensely  disagreeable,  fetid  rather  than 
putrefactive.  In  years  when  the  plant  is  abundant,  the  odor  is  evident 
along  the  shores  of  the  pond ;  but,  as  a  rule,  it  is  not  distinguishable 
to  any  but  the  experienced  nose. 
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The  Transition  Temperature  of  SodicSulpliate,  a  New  Fixed 
Point  in  Ttiermometry.  By  Theodore  Wii^liam  Richards. 
Am.  /.  Sd,,  156,  201-208. — The  author  has  accurately  deter- 
mined the  melting-point  of  hydrated  sodium  sulphate,  and  finds 
it  to  be  32.48°  according  to  the  mean  mercury  thermometer.  He 
strongly  recommends  the  use  of  this  salt  for  the  standardization 
of  thermometers,  and  describes  the  precautions  to  be  observed. 
The  chemically  pure  commercial  salt  is  recrystallized  twice,  or 
better,  until  its  melting-point  is  constant ;  it  is  then  pulverized 
and  partially  melted  in  a  wide  test-tube  over  a  flame,  so  as  to 
form  a  pasty  mass  ;  a  little  powdered  anhydrous  sodium  sulphate 
is  added,  the  tube  is  inserted  in  a  wider  glass  tube  serving  as  an 
air-jacket,  the  whole  is  placed  in  a  water-bath  o.5°-3.o°  above 
the  melting-point,  and  the  semi-liquid  mass,  in  which  the  ther- 
mometer is  placed,  is  gently  stirred. 

Tfie  Use  of  tlie  Transition  Temperatures  of  Complex  Sys- 
tems as  Fixed  Points  in  Ttiermometry.  By  Theodore  Wii^- 
LiAM  Richards  and  Jesse  Briggs  Churchili,.  Proc,  Am. 
Acad.,  34,  277-280. — In  reply  to  a  note  by  Meyerhoffer  and 
Saunders,  the  authors  claim  priority  with  respect  to  the  matter 
stated  in  the  title,  and  emphasize  the  advantages  of  using,  for  the 
purpose  mentioned,  the  melting-point  of  a  single  hydrated  salt 
over  that  of  mixtures  of  salts.  They  give  the  approximate  melt- 
ing-points of  nine  salts,  melting  between  19.7**  and  78°,  which 
have  been  found  suitable  for  the  standardization  of  thermometers. 

On  tlie  Dissociation  of  Pliosptiorus  Pentabromide  in  Solu- 
tions in  Organic  Solvents.     By  J.   H.    Kastle  and  W.    A. 


2  Review  of  American  Chemical  Research. 

Beatty.  Am,  Chem,J,y  21,  392-398. — Carbon  disulphide  and 
carbon  tetrachloride  solutions  of  phosphorus  pentabromide  of 
0.025-0.001  molar  concentration  are  found  to  have  the  same  color 
as  solutions  in  the  same  solvents  containing  a  nearly  equal  num- 
ber of  bromine  molecules,  thus  indicating  that  the  dissociation  is 
nearly  complete.  The  addition  of  pho^horus  tribromide  to  a  car- 
bon disulphide  solution  of  the  pentabromide  causes  it  to  become 
lighter  in  color. 

On  an  Apparatus  for  Heasurins^  Very  High  Pressures.     By 

A.  DE  Forest  Palmer,  Jr.  Am,  J,  Set.,  156,  451-454. — The 
method  consists  in  determining  the  change  in  electrical  resistance 
produced  by  subjecting  a  mercury  thread  contained  within  a  glass 
capillary  tube  to  the  pressure  to  be  measured.  With  the  help  of 
the  coefficient  of  change  of  resistance  with  the  pressure  previously 
determined  by  the  author  {Am.  J.  Set.,  154,  i),  the  pressure  is 
readily  calculated.  It  is  stated  that  the  error  does  not  exceed  o.  i 
per  cent. ,  up  to  pressures  of  2000  atmospheres. 

The  Compressibility  of  Colloids,  with  Applications  to  the 
Jelly  Theory  of  the  Ether.  By  C.  Barus.  Am,  /.  Set,,  156, 
285-298. — It  is  found  that  the  compressibility  of  liquid  colloidal 
solutions  (those  of  gelatine  and  albumen  in  water  and  of  India  rub- 
ber in  ether)  is  not  essentially  different  from  that  of  the  solvents, 
notwithstanding  the  great  differences  in  viscosity  ;  but  that  the 
same  solutions,  when  coagulated  or  solidified,  have  a  very  much 
less  compressibility,  which,  however,  could  not  be  measured  by 
the  method  used  owing  to  the  occurrence  of  the  following  re- 
markable phenomenon  :  the  mercury  meniscus,  at  which  the 
pressure  was  transmitted  to  the  jelly  in  a  capillary  tube,  assumed 
with  increasing  pressure  a  conoidal  form,  and  threw  off  little 
globules  of  mercury  which  were  projected  with  a  jerky  motion, 
even  for  a  distance  of  20  cm. ,  through  the  jelly.  The  author 
attributes  the  phenomenon  to  the  temporary  breaking  down  of 
the  thread  of  solid  jelly  in  the  middle  of  the  tube,  where  it  is 
least  supported,  and  suggests  that  the  inertia  of  matter  and  the 
phenomenon  of  the  electric  spark  may  be  due  to  a  similar  behavior 
of  the  hypothetical  ether. 

On  Some  Experiments  with  Endothermic  Oases.     By  W.  G. 

MixTER.  Am.  J.  Sci.,  157,  323-327. — Acetylene  is  invariably 
caused  to  explode  by  large  sparks  or  a  red-hot  platinum  wire 
when  the  pressure  is  as  high  as  three  atmospheres,  while  at  lower 
pressure  these  agents  often  fail  to  cause  explosion.  Small  sparks, 
moreover,  do  not  cause  it  even  at  much  higher  pressures.  On 
the  other  hand,  cyanogen  does  not  explode  when  heavily  sparked 
at  five  atmospheres,  nor  does  nitrous  or  nitric  oxide  do  so  at 
twenty  atmospheres.      A  simple  experiment  is  also  described 
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illustrating  the  spontaneous  decomposition  of  acetylene,  and  the 
accompanying  evolution  of  heat  :  a  slow  current  of  the  gas  is 
caused  to  issue  from  a  small  lube  into  a  larger  one  surrounding  it, 
the  latter  being  heated  to  dull  redness  by  a  burner  at  the  place 
where  the  small  tube  ends.  The  jet  is  then  seen  to  be  filled  with 
a  cloud  of  glowing  lampblack. 

Some  Boiling-point  Curves.  By  C.  L.  Speyers.  Am,  J. 
Sci,y  159,  341-344. — Under  the  assumption  that  the  vapor-pres- 

sure  equation  ^  ,      =  — -t-tt^  holds  true  for  both  components  of 

/  «  +  N 

a  liquid  mixture  at  all  concentrations,  the  author  has  calculated 
the  boiling-points  of  mixtures  of  carbon  tetrachloride  and  ben- 
zene, carbon  tetrachloride  and  chloroform,  and  chloroform  and 
benzene,  and  compared  the  results  with  existing  experimental 
data.  The  agreement  is  found  to  be  close  for  the  first  two  mix- 
tures, but  poor  for  the  last  one,  perhaps  owing  to  experimental 
errors.  Hereto  the  reviewer  would  remark  that,  since  two  com- 
ponents whose  vapor-pressures  in  the  presence  of  each  other  are 
expressed  by  the  above  equation,  cannot  form  a  constant-boiling 
mixture,  and  since  constant-boiling  mixtures  are  extremely  com- 
mon where  the  boiling-points  of  the  pure  components  do  not 
differ  greatly  from  each  other  (see  this  Rev,),  the  equation  cannot 
at  best,  have  more  than  a  very  limited  applicability. 

Lecture  Experiments  illustrating  the  Electrolytic  Dissocia- 
tion Theory  and  the  L^iws  of  the  Velocity  and  Equilibrium  of 
Chemical  Change.  By  A.  A.  Noyes  and  A.  A.  Blanchard.  /. 
Am.  Chem.  Soc.,  22,  726-752. — Seventeen  experiments  on  the 
the  subjects  stated  in  the  title  are  described.  Full  details  are 
given  both  for  the  preliminary  preparation  and  the  execution  of 
the  experiments,  and  the  principles  illustrated  are  explicitly 
stated. 

On  the  Periodic  System  and  the  Properties  of  inorganic 
Compounds.  By  James  Locke.  Am.  Chem.J.,  20,  581-592. — 
The  article  is  principally  devoted  to  the  discussion  of  the  import- 
ant fact  that  the  relations  of  the  periodic  system  are  only  appar- 
ent when  each  element  is  considered  in  a  particular  one  of  its 
various  states  of  oxidation.  The  author  believes  that  the  discov- 
ery of  general  principles  can  only  be  arrived  at  by  a  comparison 
of  the  physical  properties  and  chemical  reactions  of  compounds  of 
the  various  elements  in  the  same  state  of  oxidation,  and  promises 
soon  to  publish  the  results  of  such  an  investigation. 


ORGANIC  CHEniSTRY. 

« 

J.  p.  NoRRis.  Reviewer. 

riolecular  Dissociation  of  Nitroso  Compounds.  By  Edward 
Krbmers.  Pharm.  Archives,  i,  102-107. — The  author  discusses 
the  change  in  color  from  white  to  blue  of  nitroso  compounds,  and 
comes  to  the  conclusion  that  true  nitroso  compounds  are  bimolec- 
ular  and  that  they  become  monomolecular  when  heated  in  solu- 
tion. This  dissociation  is  accompanied  by  a  change  in  color. 
Exception  is  taken  to  the  theory  put  forward  by  Baeyer  in  connec- 
tion with  these  compounds. 

Note  on  tlie  Crystallograpliy  of  a  Reduction.product  of 
J^-Terpen-3-one.  By  William  H.  Hobbs.  Pharm,  Archives, 
2,  21-23. 

Some  of  tlie  Unpublislied  Results  of  tlie  Investigrations  of  tlie 
Tannins  by  tlie  Late  Professor  Henry  Trimble.  By  Josiah  C. 
Peacock.  Am,  Jour.  Pharm,,  72,  334-34.3.— The  results  of  a 
large  number  of  analyses  of  tannins  from  dififerent  sources  are 
given.  The  hide-powder  method  was  used  exclusively  in  the 
work. 

Note  on  Testing  Formaldehyde.  By  Lyman  F.  Kebler. 
Am,  J,  Pharm.y  70,432-433. — In  making  a  quantitative  deter- 
mination of  formaldehyde  by  means  of  ammonia,  it  was  found 
necessary  to  let  the  solutions  remain  in  contact  with  one  another 
for  six  hours  in  order  to  effect  complete  reaction.  At  the  end 
of  fifteen  minutes,  reaction  had  taken  place  to  the  extent  of  about 
one-half  the  total  amount. 

On  the  Preparation  of  Nucleic  Acids.  By  P.  A.  Levene. 
J.  Am.  Chem,  Soc,  22,  329-331. — Nucleic  acid  was  prepared 
from  the  extract  obtained  by  treating  flesh  tissues  with  sodium 
hydroxide.  The  solution  was  nearly  neutralized  with  acetic  acid, 
and  picric  acid  was  added  to  precipitate  the  proteid  material. 
The  acid  was  obtained  by  precipitating  it  from  the  filtered  solu- 
tion by  means  of  alcohol. 

On  Urea-imido  Esters,  Thio-urea-imido  Esters,  Acylthio- 
urea-imido  Esters,  and  Urea-amidlnes.  By  Henry  L.  Wheeler 
AND  W.  Murray  Sanders.  /.  Am,  Chem,  Soc,  22,  365-379. — 
It  is  shown  that  representatives  of  new  classes  of  compounds, 
isomeric  or  metameric  with  the  acylpseudourea  ethers,  acylpseudo- 
thiourea  ethers,  and  diacylpseudothiourea  ethers  can  be  prepared 
bv  combining  isocyanates,  mustard  oils,  and  acylsulphocyanates 
with  imido  esters.  The  preparation  and  properties  of  a  number 
of  new  substances  belonging  to  these  classes  are  described. 
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The  Direct  Synthesis  of  Ketodihydroquinazollnes  from  Ortho- 
aitiino  Acids.  By  Marston  Taylor  Bogert  and  August 
Henry  Gotthelf.  /.  Am.  Chem,  Soc,  22,  522-536. — ^The 
authors  discuss  fully  the  probable  course  of  the  reaction  between 
anthranilic  acid  and  acetonitrile  by  which  2-methyl-4-ketodihy- 
droquinazoline  is  formed,  and  describe  the  hydrochloride,  chlor- 
platinate,  nitrate,  chromate,  and  methyl  ether  of  the  quinazoline 
derivative. 

On  the    Hydrocarbons    in    Heavy  Texas    Petroleum.     By 

Charles  F.  Mabery  and  D.  M.  Buck.  /.  Am,  Chem.  Soc, 
22,  553-556. — From  analyses  and  molecular  weight  determina- 
tions of  the  fractions  obtained  by  distilling  a  heavy  Texas  petro- 
leum under  diminished  pressure  the  conclusion  is  drawn  that  the 
oil  contains  hydrocarbons  from  Cj^H^g  to  C,pHj^  of  the  series 
CnH,n_a,  aud  higher  hydrocarbons  C^Hjg  to  C^^  of  the  series 

The  Action  of  Sodium  Alcoholale  upon  Anisylidene  Aceto- 
phenonedibromide.  By  F.  J.  Pond  and  Arthur  S.  Shoff- 
STALL.  /.  Am,  Chem,  Soc,  22,  658-685. — In  a  former  paper 
{this  Rev,,  5,  129)  it  was  stated  that  .sodium  methylate  reacts 
with  the  dibromides  of  certain  unsaturated  ketones  of  the  general 
formula  R.CH  :  CH. CO. CgHj,  yielding  1,3-diketones  of  the  for- 
mula R.CO.CHj.CO.CgHs.  The  authors  now  show  that  the  re- 
action-products have  the  formula  R.C(OH)  :  CH.CO.C^Hg,  for 
they  form  copper  and  iron  salts,  and  exhibit  the  general  reactions 
of  compounds  which  contain  the  grouping  — C(OH)=CH — . 
When  a  solution  of  anisylidene  acetophenone  dibromide  in  alcohol 
was  boiled,  hydrogen  bromide  was  eliminated  and  an  addition- 
product  of  monobromanisylidene  acetophenone  and  alcohol  was 
formed.  By  the  action  of  hydroxylamine  hydrochloride  upon  an 
alcoholic  solution  of  a-oxyanisylidene,  £r,;^-methoxyphenyl- 
phenylisoxazole  was  produced.  An  isomeric  isoxazole  derivative 
was  formed  by  the  action  of  potassium  hydroxide  upon  a  mixture 
of  anisylidene  acetophenone  dibromide  and  hydroxylamine 
hydrochloride.  Bromine  converts  «'-oxyanisylideneacetophenone 
into  the  compound  CH30.C,H,.CO.CHBr.CO.CeH5.  The  reaction 
by  which  the  enolic  ketone  is  formed  from  anisylidene  acetophe- 
none dibromide  was  shown  to  take  place  in  the  manner  repre- 
sented by  the  following  equations:  2RCHBr.CHBr.CO.R  + 
2NaOCH.  =  RCHBr.CH(OCH,)CO.R  +  RCBr  :  CH.CO.R  + 
CH,OH  +  2NaBr  ;  RCBr :  CH.CO.R  +  NaOCH,  =  RC(OCH,)  : 
CH.CO.R  +  NaBr ;  RC(OCH,):  CH.CO.R+  HOH  =  RC(OH) : 
CH.CO.R  -f  CH5OH.  The  intermediate  products  in  the  reaction 
were  isolated  and  studied. 
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On    the    Preparation    of   Triphenylchlormethane.    By  M. 

GoMBERG.  /.  Am,  Chem.  Sqc.y  22,  752-757. — It  is  shown  that 
when  carbon  tetrachloride  and  benzene  react  in  the  presence  of 
aluminum  chloride,  the  product  formed  is  triphenylchlormethane, 
and  not  triphenylmethane,  the  substance  which  heretofore  has 
been  considered  the  result  of  this  reaction.  When  care  was  taken 
to  prevent  the  decomposition  of  the  reaction-product  by  water  a 
yield  of  87  per  cent,  of  the  theoretical  quantity  was  obtained. 

An  Instance  of  Trivalent  Carbon :  TriphenylmethyL    By  M. 

GOMBBRG.  /.  Am.  Chem.  Soc,  22,  757-771. — When  a  solution 
of  triphenylchlormethane  in  benzene  or  carbon  disulphide  is 
treated  with  mercury,  silver,  or  zinc,  the  halogen  is  removed  and, 
in  the  presence  of  air,  a  precipitate  is  formed  which  was  shown 
by  analyses  and  molecular  weight  determinations  to  have  the 
composition  represented  by  the  formula  (C8H5)gC — O — O — 
(C^jHj),.  If  air  is  excluded,  zinc  removes  the  chlorine  quantita- 
tively from  the  halogen  compounds  dissolved  in  benzene  in  five  to 
six  days  and  no  precipitate  is  formed.  The  solution  so  produced 
absorbs  oxygen  rapidly  from  the  air,  and  the  peroxide  is  precipi- 
tated. It  absorbs  chlorine,  bromine,  and  iodineat  0°  readily.  When 
iodine  was  used  triphenyliodomethane  was  formed.  This  com- 
pound was  isolated  and  studied.  The  author  considers  that  the 
highly  unsaturated  substance  formed  by  the  reaction  is  the  radi- 
cal triphenylmethyl,.  (C,H5)jC — ,  as  it  is  evidently  not  hexa- 
phenylethane,(CaH5)8C — C(CeH5)8,  the  substance  which  might  be 
expected  as  the  result  of  the  action  of  a  metal  on  triphenylchlor- 
methane, (CgH^gC. CI.  The  structure  of  the  oxygen  compound 
found  by  the  action  of  oxygen  on  the  unsaturated  substance  was 
shown  to  be  (CjH5)jC — O — O — CCC^Hj)  by  preparing  it  from  tri- 
phenylchlormethane and  sodium  peroxide.  The  peroxide  is  con- 
verted by  concentrated  sulphuric  acid  into  triphenylcarbinol  and 
gives  a  hexanitro  derivative  when  treated  with  nitric  acid. 

Some  Double  Salts  Containing  Selenium.  By  James  F. 
NoRRis.  Am,  Chem,  J,,  20,  490. — The  double  chlorides  and 
bromides  of  selenium  and  dimethyl-  and  trimethylamine  were  pre- 
pared and  studied.  It  was  found  that  in  some  of  the  bromides 
selenium  oxybromide  was  present.  No  salt  containing  selenium 
chloride  could  be  isolated  ;  selenium  ox  y chloride  and  selenium 
dioxide,  however,  united  with  the  hydrochlorides  of  the  amines 
to  form  well  crystallized  compounds.  Double  salts  containing 
the  perbromides  of  the  amines  are  also  described. 

The  Purification  of  Phlorogludnol.  By  G.  S.  Fraps.  Am, 
Chem,/.,  24,  270-271. — Commercial  phloroglucinol,  which  con- 
tains diresorcinol,  is  readily  purified  so  that  it  can  be  used  in  the  de- 
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termination  of  pentosans  in  vegetable  materials  by  proceeding  as 
follows  :  1 1  grams  of  phloroglucinol  are  added  to  300  cc.  of  hot 
dilute  hydrochloric  acid  (sp.  gr.  1.06).  When  only  the  insolu- 
ble impurities  have  not  dissolved  the  solution  is  poured  into  1200 
cc.  of  cold  hydrochloric  acid  of  the  same  strength.  The  mixture 
is  set  aside  for  several  days  in  order  to  allow  the  diresorcinol  to 
crystallize  out.  The  filtered  solution  is  used  in  determining  pen- 
tosans. Determinations  of  furfural  by  means  of  phloroglucinol 
purified  in  this  way  were  in  close  agreement  with  those  obtained 
when  a  chemically  pure  compound  was  used. 

A  New  Synthesis  of  Secondary  Amines.  By  Alfred 
Tingle.  Am,  Chem,  J,,  24,  276-281. — It  has  been  previously 
shown  by  the  author  {this  Rev,  6,  138)  that  when  methyl 
salicylate  is  boiled  with  aniline,  the  chief  products  are  methyl- 
aniline  and  phenol.  In  the  present  paper,  the  action  of  aniline 
on  ethyl  and  isoamyl-salicylate,  and  of  ammonia  on  methyl- 
salicylate  is  described.  In  all  of  these  cases,  a  reaction  similar  to 
the  one  already  reported  was  shown  to  take  place,  but  only  to  a 
very  slight  degree.  When  ammonia  was  used,  dimethylamine  was 
formed.  Isoamylsalicylate  was  prepared  readily  by  boiling  for 
three  hours,  a  solution  of  salicylic  acid  in  isoamyl  alcohol  contain- 
ing a  small  amount  of  sulphuric  acid. 

Tlie  Electrolytic  Oxidation  of  Toluene.  By  Aaron  Merz- 
BACHER  AND  Edgar  F.  Smith.  /.  Am.  Chem.  Soc,  22,  723- 
725. — A  mixture  of  toluene,  alcohol,  and  sulphuric  acid  was 
placed  within  a  porous  cup  containing  the  anode,  and  electrolyzed. 
Small  quantities  of  resin,  ethyl  benzoate,  and  benzaldehyde  were 
produced. 
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Ferrous  Iodide.  By  C.  Loring  Jackson  and  I.  H.  Derby. 
Am.  Chem.  /.,  24,  15-31  ;  Proc.  Am.  Acad.,  35,  213-227.—- 
The  many  contradictory  statements  in  regard  to  anhydrous  fer- 
rous iodide,  have  led  the  authors  to  prepare  it  by  different 
methods,  and  to  study  carefully  its  properties.  The  most  con- 
venient method  of  preparing  the  substance  is  to  pass  iodine 
vapor  over  heated  iron  clippings.  This  is  done  in  an  appa- 
ratus consisting  of  three  bicycle  tubes  so  arranged  that  a  current 
of  nitrogen  can  sweep  the  iodine  over  the  heated  iron,  and  the 
ferrous  iodide  can  collect  in  one  of  the  tubes  from  which  it  can  be 
easily  removed.  The  anhydrous  ferrous  iodide  forms  crystalline 
'  plates  of  a  deep  red  color  with  a  slight  brownish  tint ;  in  thick 
masses  it  is  nearly  black,  and  when  melted  it  solidifies  to  a  black- 
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ish  red  crystalline  mass.  The  crystals  belong  to  the  hexagonal 
system.  It  can  be  sublimed  in  a  stream  of  nitrogen  ;  part  of  it 
is  deposited  in  the  red  crystalline  plates,  and  part  is  carried  fur- 
ther on  in  the  tube,  where  it  deposits  as  a  reddish  brown  amor- 
phous powder.  Heated  in  the  air  it  loses  iodine  and  leaves  a 
residue  of  ferric  oxide.  Exposed  to  the  atmosphere  the  salt 
deliquesces  quickly  to  a  brown  solution.  Thin  plates  kept  in  a 
desiccator  gradually  lose  their  color,  passing  over  into  a  white 
salt,  which  is  ferrous  iodide  with  two  molecules  of  water.  The 
anhydrous  ferrous  iodide  dissolves  in  water  with  considerable 
evolution  of  heat,  and  deposits  from  hot  concentrated  solutions 
green  crystals  of  FeI,.4H,0.  Ferrous  iodide  is  very  susceptible 
to  the  action  of  oxidizing  agents,  but  shows  a  striking  resistance 
to  reducing  agents.  It  may  be  sublimed  in  a  current  of  dry 
hydrogen,  and  is  not  changed  when  distilled  with  mercury.  It  is 
reduced  when  melted  with  molecular  silver.  Exposed  to  a  cur- 
rent of  ammonia  gas,  ferrous  iodine  combines  with  it  to  form  the 
substance  FeI,.6NH„  which  is  a  white  amorphous  powder  easily 
decomposed  by  water,  with  formation  of  ferrous  hydrate,  ammo- 
nium iodide,  and  ammonia.  When  hexammonia  ferrous  iodide 
is  exposed  to  the  vapor  of  iodine  it  absorbs  it  in  large  quantity, 
giving  a  product  which  is  probably  a  mixture  of  ferric  bromide, 
ammonium  bromide,  and  ammonium  bromiodobromide,  NH^Brl- 
Br.  This  last  named  substance  was  prepared  by  treating  ammo- 
nium iodide  with  bromine  vapor.  This  salt  has  a  blood-red  color 
in  transmitted  light,  but  is  a  brilliant  green  with  a  metallic  luster 
by  reflected  light. 

The  Action  of  Carbon  Dioxide  on  the  Borates  of  Barium. 

By  H.  N.  Morse  and  D.  W.  Horn.  Am,  Chern,/,,  24,  105- 
137.  The  method  of  Morse  and  Burton  for  the  determination  of 
boric  acid  consists  in  passing  carbon  dioxide  into  an  alcoholic 
solution  of  boric  acid,  and  a  measured  volume  of  standard  barium 
hydroxide  solution,  and  in  igniting  and  weighing  the  residue  of 
barium  carbonate  and  barium  metaborate.  Jones  (this  Rev, ^ 
5,  52),  working  in  a  similar  manner  with  aqueous  solutions,  has 
criticized  the  method  of  Morse  and  Burton.  He  found  it  impossible 
to  get  constant  results,  and  attributes  these  discrepancies  to  loss 
of  boric  acid.  The  authors  point  out  that  Jones  made  all  of  his 
experiments  in  aqueous  solution,  while  theirs  were  made  in  alco- 
holic solution,  which  with  the  addition  of  the  standard  barium 
hydroxide  solution,  made  the  solution  contain  at  least  78  per  cent, 
alcohol.  As  the  solubility  of  the  metaborate  is  given  as  i  part  in 
55,000,  125  cc.  of  the  78  per  cent,  liquid  could  not  contain  more 
than  2  milligrams  of  barium  metaborate  in  solution.  From  this 
it  would  seem  that  carbon  dioxide  could  hardly  decompose  the 
metaborate  in  solution  as  Jones  alleges.     In  order  to  see  whether 
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boric  acid  was  lost  on  evaporation  of  the  alcoholic  solution  the 
alcohol  was  distilled  off  in  a  current  of  carbon  dioxide.  Only 
traces  were  found  in  the  distillate  even  when  the  alcoholic  con- 
centration of  the  distillate  amounted  to  92  per  cent.  The  test  for 
boric  acid  in  the  distillate  was  made  by  the  flame  test  which  was 
found  to  show  about  i  part  of  the  acid  in  14,200  parts  of  alcohol. 
Evaporation  of  water  solutions  likewise  showed  no  loss  of  boric 
acid.  Solutions  of  boric  acid  and  an  excess  of  barium  hydroxide 
were  treated  with  carbon  dioxide,  and  then  the  water  was  dis- 
tilled off  in  a  current  of  hot  air.  Turmeric  paper,  which  would 
detect  I  part  of  acid  in  59,000  parts  of  water  by  a  single  dipping, 
and  I  part  in  143,000  by  dipping  four  or  five  times,  failed  to  show 
the  presence  of  boric  acid  in  the  distillate.  In  heating  the  mix- 
ture of  barium  carbonate  and  metaborate,  it  was  found  that  at  a 
full  red  heat  the  metaborate  attacks  the  carbonate  with  expul- 
sion of  carbon  dioxide.  The  temperature  at  which  a  mixture  of 
the  metaborate  and  carbonate  of  barium  is  stable,  and  which  is 
still  sufficiently  high  to  insure  the  dehydration  of  the  former, 
appears  to  be  just  under  a  red  heat.  If  a  mixture  of  metaborate 
and  carbonate  has  been  heated  so  high  that  some  of  the  latter  has 
been  decomposed  with  formation  presumably  of  a  more  basic 
borate,  the  lost  weight  is  restored  by  exposing  the  material  to  the 
air,  and  drying  in  the  desiccator. 

The     Composition      of      Nitrogen       iodide.     By     F.      D. 

Chattaway.  Am.  Chem.  /.,  24,  138-158. — The  reaction  which 
takes  place  between  sodium  sulphite  and  nitrogen  iodide  was 
found  to  be  a  convenient  means  of  studying  the  composition  of 
nitrogen  iodide  prepared  in  various  ways.  The  products  of  the 
reaction  are  sodium  sulphate,  ammonium  iodide,  and  hydriodic 
acid.  The  free  hydriodic  acid  was  determined  by  means  of 
.standard  alkali,  the  total  amount  of  iodine  b}'  means  of  standard- 
ized silver  nitrate,  and  the  ammonia  by  distillation  with  potassium 
hydroxide.  The  ratio  between  nitrogen  and  iodine  was  deter- 
mined in  samples  of  nitrogen  iodide  prepared  in  the  following 
ways :  by  adding  a  solution  of  iodine  in  potassium  iodide  to  a 
solution  of  ammonia ;  by  the  action  of  a  strong  solution  of 
ammonia  upon  solid  iodine ;  by  the  action  of  an  alcoholic  solu- 
tion of  iodine  upon  ammonia ;  by  adding  ammonia  to  a  soliition 
of  potassium  hypoiodite,  containing  an  excess  of  potash;  and  by 
the  action  of  iodine  monochloride  upon  ammonia.  All  the  results 
show  that  the  relation  by  weight  between  the  nitrogen  and  iodine 
in  the  various  specimens  of  nitrogen  iodide  analyzed,  does  not 
vary  either  with  the  mode  of  preparation  or  the  state  of  aggre- 
gation of  the  compound,  and  that  this  relation  is  2:3  when  ex- 
pressed in  terms  of  the  atomic  weight  of  the  two  elements. 
When  nitrogen  iodide  is  exposed  to  sunlight,  it  breaks  up  quan- 
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titatively  into  nitrogen  and  hydriodic  add,  which  proves  that 
the  molecule  of  the  compound  contains  only  nitrogen,  hydrogen, 
and  iodine  atoms,  and  that  each  atom  of  iodine  is  associated  with 
one  atom  of  hydrogen.  The  simplest  formula  which  expresses 
the  composition  is  NjH,I,.  Attempts  were  made  to  produce 
other  compounds  of  nitrogen  and  iodine,  but  without  success. 
The  various  analyses  of  previous  workers  differ  so  widely, 
because  their  substances  were  usually  washed  with  water  or 
some  other  substance  which  causes  decomposition. 

The  Action  of  Lis^ht  on  Nitrogen  Iodide.  By  F.  D.  Chatta- 
WAY  AND  K.  J.  P.  Orton.  Am,  Chem,,  /.,  24,  159-167. — 
When  nitrogen  iodide  suspended  in  a  solution  of  ammonia  is 
exposed  to  light,  nitrogen  is  evolved  and  the  solid  disappears, 
ammonium  iodide  and  ammonium  iodate  being  formed  in  the 
liquid.  These  substances  are  formed  by  two  reactions  which  go 
on  simultaneously.  Under  the  influence  of  light,  nitrogen  iodide 
breaks  down  quantitatively  into  nitrogen  and  hydriodic  acid. 
Some  of  the  nitrogen  iodide,  however,  is  hydrolyzed;  ammonium 
hypoiodite  is  formed,  and  is  then  transformed  into  ammonium 
iodide  and  ammonium  iodate: 

N,H,I,  +  3H,0  =  2NH,  +  3HIO 

3HIO  +  3NH,  =  3NH,I0  =  NHJO,  +  2NH,I. 

The  amount  of  hydrolysis  varies  with  the  temperature  and  the 
illumination,  from  2-4  per  cent,  being  hydrolyzed  on  a  bright  day, 
and  25  per  cent,  on  a  dull  day.  The  iodine  existing  as  hypo-io- 
dite  may  be  determined  by  means  of  arsenious  acid ;  the  iodine 
existing  as  iodate  by  acidifying  with  sulphuric  acid  and  titrating 
the  liberated  iodine  with  sodium  sulphite.  The  decomposition  of 
nitrogen  iodide  by  light  in  the  presence  of  water  is  similar  to 
that  with  ammonia,  but  secondary  reactions  take  place  between 
the  hydriodic  add  and  undecomposed  nitrogen  iodide,  whereby 
iodine  is  set  free.  The  red  end  of  the  spectrum  decomposes 
nitrogen  iodide  most  readily,  and  the  action  becomes  less  as  the 
wave-length  of  the  light  used  diminishes. 

The  Action  of  Allcallne  Hydroxides,  of  Water,  and  of  Hydro- 
gen Peroxide  Upon  Nitrogen  Iodide.  By  P.  D.  Chattaway 
AND  K.  J.  P.  Orton.  Am.  Chem,  /.,  24,  318-330.— The  action 
of  water  and  of  alkalies  upon  nitrogen  iodide  is  chiefly  a  hydro- 
lytic  one,  by  which  are  produced  ammonia  and  an  alkaline 
hypoiodite  which  is  unstable  and  rapidly  changes  into  iodide  and 
iodate: 

N^HjI,  +  3KOH  =  2NH,  +  3KOI  =  2NH3  +  2KI  +  KIO,. 

At  the  same  time  a  portion  of  the  nitrogen  iodide  breaks  down 
into  nitrogen  and  potassium  iodide  in  this  way: 

N,H,I,  +  3KOH  =  N,  +  3KI  +  3H,0. 
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The  extent  to  which  each  reaction  takes  place  depends  upon  the 
conditions  under  which  the  decomposition  is  effected.  Solutions 
of  ammonia  and  of  the  alkaline  earth  hydroxides  act  similarly. 
Water  causes  analogous  decompositions,  but  in  this  case  some  of 
the  hypoiodous  acid  formed  in  the  hydrolysis  reacts  with  the 
hydriodic  acid  liberating  iodine  while  any  excess  is  transformed 
into  iodine  and  iodic  acid : 

N,H,I,  +  3H,0  =  2NH,  +  3HOI 
N,HA  =  N,  +  3HI 
HOI  +  HI  =  I,  +  H,0 
15HOI  =  loHI  +  5HIO,  =  61,  +  3HIO,  +  6H,0. 

Hydrogen  peroxide  dissolved  in  a  solution  of  potassium 
hydroxide  rapidly  decomposes  nitrogen  iodide,  ammonia,  potas- 
sium iodide,  and  a  trace  of  potassium  iodate  being  produced. 
Oxygen  and  a  little  nitrogen  are  evolved. 

The    Action    of  Acids    Upon   Nitrogen   iodide.     By  P.    D. 

Chattaway  and  H.  p.  Stevens.  Am,  Chem,J,,  24,331-341. 
—Dilute  acids  when  added  to  nitrogen  iodide,  suspended  in  water, 
first  induce  hydrolysis  of  the  compound,  and  hypoiodous  acid  is 
liberated,  together  with  ammonia  which  combines  with  the  acid. 
If  acids  be  employed  upon  which  hypoiodous  acid  has  no  effect, 
a  rapid  change  into  hydriodic  and  iodic  acids  occurs,  the  former 
being  immediately  oxidized  by  the  latter,  setting  free  iodine. 
With  hydrochloric,  hydrocyanic,  and  hydriodic  acids,  the 
hypoiodous  acid  reacts  forming  respectively  iodine  monochloride, 
cyanogen  iodide,  and  iodine.  Most  acids,  if  at  all  concentrated, 
act  so  violently  as  to  produce  explosions. 

Tiie  Formation  and  Constitution  of  Nitrogen  iodide.    By 

P.  D.  Chattaway  and  K.  J.  P.  Orton.  Am.  Chem,  /.,  24, 
342-355. — The  authors  have  studied  quantitatively  the  actions 
of  iodine  and  iodine  monochloride  on  ammonia,  the  oxidation  of 
sodium  arsenite  being  used  as  a  means  of  estimating  hypoiodite, 
the  formation  of  which  always  accompanies  the  formation  of 
nitrogen  iodide.  In  the  case  of  free  iodine  exactly  half,  and  in 
the  case  of  iodine  monochloride  the  whole  of  the  iodine  appears 
as  nitrogen  iodide  and  hypoiodite.  The  addition  of  ammonia 
to  a  solution  of  an  alkaline  hypoiodite  is  followed  directly  by  the 
separation  of  nitrogen  iodide.  When  an  alkaline  solution  of 
potassium  hypoiodite  of  known  strength  is  used,  and  the  hypoio- 
dite estimated  in  the  filtrate  from  the  precipitated  nitrogen  iodide, 
the  iodine  as  hypoiodite  in  the  filtrate  is  found  to  be  less  than  the 
iodine  as  hypoiodite  originally  present,  by  an  amount  which 
equals  the  iodine  as  nitrogen  iodide.  The  latter  is,  therefore, 
formed    at  the  expense  of  the   hypoiodite,   and  the  following 
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equations  represent  the  action  of  iodine  and  iodine  monochloride 
on  solutions  of  ammonia  : 

I,  +  2NH,OH  =  NH,I  +  NH.OI 
ICI  +  2NH,OH  +  NH.Cl  +  NH.OI 
3NH,OI  =  N,H,I,  4-  2H,0  +  NH.OH 

There  is  little  direct  evidence  from  which  to  deduce  a  constitu- 
tional formula.  The  formula,  NH,.NIj,  seems  most  probable. 
Nitrogen  iodide,  which  has  been  allowed  to  stand  under  water, 
becomes  much  more  liable  to  explode,  and  analyses  of  partly 
decomposed  material  point  to  a  disintegration  of  the  molecule 
and  a  liberation  of  the  very  unstable  NI,  in  the  residue. 

On  the  Effect  of  Oxidizing  Agents  on  the  Reduction  of 
Mercuric  Chloride  by  Oxalic  Acid.  By  J.  H.  Kastlb  and 
W.  A.  Beatty.  Am,  Chem,  /.,  24,  182-188. — Potassium  per- 
manganate greatly  accelerates  the  reduction  of  mercuric  chloride 
by  oxalic  acid  in  the  sunlight.  Two  tubes  each  containing  5  cc. 
of  a  5  per  cent,  mercuric  chloride  solution,  and  10  cc.  of  a  4 
per  cent,  ammonium  oxalate  solution  were  placed  side  by  side  in 
direct  sunlight.  To  one  was  added  i  drop  of  o.oi  normal 
potassium  permanganate  solution.  After  ten  minutes  the  mer- 
curous  chloride  was  filtered  off  and  determined  in  each.  In  the 
one  to  which  the  permanganate  had  been  added  28.2  per  cent,  of 
the  mercuric  chloride  had  been  reduced  ;  in  the  other  only  3.48 
per  cent.  About  i  drop  of  a  1/160,000  normal  permanganate 
solution  is  the  smallest  quantity  capable  of  accelerating  the 
reduction  of  mercuric  chloride  by  ammonium  oxalate.  The 
reaction  is  retarded  by  mineral  acids.  Other  oxidizing  agents 
produce  an  accelerating  effect.  Thallic  chloride  behaves  in  a 
similar  manner  to  mercuric  chloride  and  is  reduced  to  thallous 
chloride.  The  accelerating  effect  of  oxidizing  agents,  the  author 
supposes  to  be  an  alternating  oxidation  and  reduction  process. 

On  Some  Isomeric  Halogen  Compounds  of  Thallium,  and 
the  Constitution  of  Double  Salts.  By  Allbrton  S.  Cushman. 
Am.  Chem./,,  24,  222-242. — The  salts  of  thallium  of  the  em- 
pirical formulas  TIX,  and  Tl^X,  (where  X  represents  a  halogen 
atom)  are  considered  as  double  salts  and  may  be  accounted  for 
by  the  theory  of  Blomstrand-Jorgensen  as  developed  and 
extended  by  Remsen,  or  by  the  more  recent  theory  of  Werner. 
According  to  the  older  theory  they  can  be  represented  by  the 
formulas 

yK  yX— XTl 

Tl— X  and     Tl— X— XTl . 

^X— XTl  \x— XTl 
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According  to  Werner,  on  the  other  hand,  we  may  consider 
the  latter  salt  to  have  a  dominant  thallium  atom  at  the  center  of 
an  octahedron,  and  the  former  salt  to  have  this  atom  at  the  center  of 
a  tetrahedron.  On  this  hypothesis  the  two  compounds  may  be 
represented  by  these  formulas  (T1'"X,)3T1  and  (Tr"X,)Ti: 
According  to  either  of  these  theories  it  seemed  possible  to  pre- 
pare isomeric  double  salts  in  which  bromine  atoms  could  be  sub- 
stituted for  chlorine  atoms,  and  vice  versa.  The  author  has  pre- 
pared isomeric  salts  to  which  may  be  assigned  the  two  formulas  : 

yBr— cm  >C1— BrTl 

Tl— Br— ClTl     and     Tl— CI— BrTl 

^Br— cm  \ci— BrTl 

The  former  which  crystallizes  in  blood-red  hexagonal  crystals, 
is  formed  when  thallous  chloride  suspended  in  a  considerable 
quantity  of  hot  water  is  treated  with  a  hot  solution  of  thallic 
bromide.  The  latter  crystallizes  out  in  orange-colored  hexagonal 
plates  when  thallous  bromide  suspended  in  hot  water  is  treated 
with  a  dilute  solution  of  thallic  chloride.  The  orange-colored 
isomer  is  very  stable  and  can  be  crystallized  unchanged  from 
water  ;  the  other  isomer  is  easily  decomposed,  and  can  be  recrys- 
tallized  only  from  its  mother-liquor.  An  orange-colored  salt 
of  the  formulae  TlCl.Brj.3TlCl  was  prepared  by  treating  moist 
thallous  chloride  with  bromine.  Silver  nitrate  precipitates  from 
neutral  solutions  of  the  sesquichloride  of  thallium,  a  salt  having 
the  composition  i2AgCl,Tl,08.3H,0.  In  the  presence  of  10  per 
cent,  of  nitric  acid,  however,  pure  silver  chloride  can  be  precipi- 
tated. The  question  of  the  constitution  of  these  double  salts  is 
still  unsettled.  The  facts  that  these  compounds  are  dissociated 
into  thallous  and  thallic  salts,  that  silver  nitrate  produces  com- 
plete precipitation  in  the  cold,  and  that  platjnic  chloride  forms 
with  these  precipitates  of  thallium  chlorplatinate,  the  thallic 
portion  remaining  in  solution,  are  arguments  against  the  Werner 
theory.  The  conductivity  experiments,  on  the  other  hand,  are 
in  its  favor. 

The  Action  of  Caustic  Hydroxides  on  Aluminium.    By  £.  T. 

Allen  and  H.  F.  Rogers.  Am,  Chem,  /.,  24*  304-318— 
Aluminates  of  the  alkali  and  alkaline  earth-metals  were  produced 
by  allowing  the  hydroxide  to  act  upon  metallic  aluminium. 
They  may  be  considered  as  derivatives  of  the  hydroxides  of 
aluminium.  The  aluminates,  Ca3(A103)j,  Ba^CAlOj),,  Srs(A103)g, 
may  be  considered  as  derivatives  of  Al(OH), ;  Ba^AljOj  and 
Ca^Al^O^  as  derivatives  of  H^AljO^;  and  Ba(A10,)„  Sr(A10,)„ 
K,(A10,)„  Na,(A10,)„  and  LiH(A10,),  as  derivatives  of  HAIO,. 
The  most  soluble  bases  form  the  least  stable  aluminates.     They 
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decompose  with  water,  forming  aluminium  hydroxide  which  is 
crystalline  or  amorphous,  according  to  the  rapidity  of  the  action. 
Lithium  aluminate  contains  less  base  than  the  sodium  and  potas- 
sium salts,  and  i&  much  more  stable.  The  type  of  alkaline  earth 
aluminate  is  dependent  upon  the  relative  proportions  of  metal, 
base  and  water. 

Preparation  of  the  Blue  Oxide  of  riolybdenum  and  of 
Metallic  nolybdenum.  By  Ai.len  Rogers  and  F.  H. 
Mitchell.  /.  Am,  Chem.  Soc,  22,  350-351.— By  adding  stan- 
nous chloride  to  an  acid  solution  of  ammonium  molybdate,  a  blue 
precipitate  was  obtained,  which  the  authors  suppose  to  be  the 
oxide,  MOjOg,  although  no  analysis  is  given  to  support  this  view, 
and  none  of  its  properties  were  studied.  Metallic  molybdenum 
was  obtained  in  the  electric  furnace  from  the  blue  oxide,  but 
nothing  is  said  of  its  purity. 

Cause  of  the  Loss  of  Weight  of  Commercial  Platinum  when 
Heated  Under  Some  Conditions.  By  Robert  W.  Hall.  /. 
Am,  Chem,  Soc,  22,  494-501. — The  conditions  under  which 
platinum  loses  weight  were  examined.  The  loss  of  weight  is 
greatest  in  an  oxidizing  atmosphere.  The  variable  weight  of 
platinum  is  supposed  to  be  due  to  the  formation  of  a  volatile 
oxide,  stable  at  high  and  low  temperatures. 

Notes  on  Lead  and  Cadmium  Ferrocyanides.  By  Edmund 
H.  Miller  and  Henry  Fisher.  /.  Am,  Chem,  Soc,  22, 
537-543. — The  precipitate  produced  by  bringing  together 
solutions  of  potassium  ferrocyanide  and  lead  acetate  corresponds 
to  the  composition  Pb,Fe(CN),,  when  either  solution  is  in  excess. 
In  the  presence  of  acids,  the  composition  of  the  precipitate  varies. 
The  composition  of  cadmium  ferrocyanide  has  not  been  deter- 
mined. 

On  the  Universal  Distribution  of  Titanium.  By  Charles 
Baskerville.  /.  Am,  Chem,  Soc,  21,  1099-1101. — The  ash 
obtained  by  incinerating  fresh  beef,  beef  bone,  human  flesh,  and 
human  bone  has  been  examined  for  titanium,  and  found  to 
contain  the  following  amounts  of  TiO^ :  beef  bone,  0.0195  per 
cent.  ;  beef  flesh,  0.013  per  cent.  ;  human  flesh,  0.0325  per  cent.  ; 
human  bone,  a  trace. 

The  Persulphates  of  Rubidium,  Caesium,  and  Thallium.   By 

Hugh  Marshall.  J,  Am,  Chem,  Soc,  22,  48. — ^The  persul- 
phates of  rubidium  and  caesium  were  prepared  from  the  ammo- 
nium salt  by  double  decomposition,  and  were  found  to  be 
isomorphous  with  ammonium  persulphate.  Thallous  persulphate 
has  been  prepared,  but  not  in  pure  condition. 
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Atmospheric  Ozone.  By  R.  A.  Hatcher  and  H.  V.  Arny. 
Am,  J,  Pharm,,  72,  423-429. — A  preliminary  report  on  the 
amount  of  ozone  in  the  air  at  Covington,  La. 

Lithium  Bicarbonate.  By  Lyman  F.  Kebler.  /.  Am, 
Pharm,^  72,  580-581. — Because  several  manufacturers  have  sup- 
plied an  article  by  the  above  name,  the  author  was  led  to  examine 
some  samples,  and  found  them  to  be  crystallized  lithium  carbo- 
nate. 


riETALLURGICAL  CHEHISTRY. 

H.  O.  HOFMAN,  ICbVIEWBR. 

The  Equipment  of  rietallurgical   Lal>oratories.     By  H.  M. 

Howe.  Trans.  Am.  Inst.  Min,  Eng.,  29,  721-728. — The  author 
emphasizes  the  fact,  that  the  main  use  of  a  metallurgical 
laboratory  is  to  teach  tlie  principles,  especially  the  chemical  prin- 
ciples, which  form  the  foundation  of  metallurgical  practice,  and 
that  as  soon  as  more  stress  is  laid  on  laboratory  work  than  to 
accomplish  this  end,  it  fails  of  its  purpose,  wastes  the  time  of  the 
student,  and  gives  him  wrong  ideas.  He  advocates  also  the 
importance  of  small  physical  tests  which  do  not.  require  cumber- 
some apparatus  and  much  material,  and  make  clear  many  prin- 
ciples otherwise  only  imperfectly  understood. 

The  Snyder  Ore  Sampler.  Editor  Eng,  Min,  J, ,  70,  549. — 
The  machine  consists  of  a  circular,  shallow  disk-shaped  iron 
casting,  mounted  with  the  bottom  to  a  horizontal  revolving  shaft 
having  a  fast  and  loose  pulley.  The  casting  has  a  sector-like 
slot.  The  ore  to  be  sampled  is  discharged  in  a  stream  against  the 
revolving  disk ;  the  sample  passes  through  the  slot  into  a  bin  back 
of  the  disk,  while  the  rejected  ore  glides  down  in  front  into  a 
second  bin.  The  Gates  Iron  Works,  Chicago,  are  the  manu- 
facturers. 

The  Temperatures  at  which  Certain  Ferrous  and  Calcic  Sili- 
cates  are  Formed  in  Fusion,  and  the  Effect  upon  These  Tem- 
peratures of  the  Presence  of  Certain  Metallic  Oxides.     By  H. 

O.  HoFMAN.  Trans.  Am,  Inst,  Min.  Eng,,  29,  682-721.— In 
smelting  non-ferrous  metals,  the  slags  made  consist  mainly  of 
silica,  ferrous  oxide,  and  lime,  the  ferrous  oxide  being 
occasionally  replaced  more  or  less  by  manganous  oxide,  the  lime 
by  magnesia,  baryta  and  zinc  oxide  and  the  silica  and  lime  by 
alumina.  The  paper  is  a  record  of  laboratory  experiments 
carried  out  to  obtain  definite  information  on  the  formation 
temperatures  of  these  slags  which  vary  with  the  acidity  and  the 
character  of  the  bases.  The  raw  materials  (SiO^FeCjO^  +  2HjO, 
MnCO,,  CaCO,,  MgCO,,  BaCO,,  ZnO,  Al,0,)were  mixedin  vary- 
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ing  proportions,  moistened  with  a  lo  per  cent,  dextrine  solution, 
molded  to  the  same  form  as  small-size  Seger  cones  (three-sided 
pyramids,  f  inch  base,  |f  inch  high),  dried  and  melted  down  on 
platinum  foil  in  a  Seger  gas  furnace,  using  Seger  cones  as  pyrom- 
eters. While  Seger  cones  are  no  true  pyrometers,  but  rather 
pyroscopes,  they  form  the  most  satisfactory  means  of  studying 
the  conditions  under  which  a  mechanical  mixture  is  converted 
into  a  chemical  compound.  In  the  experiments  (i)  the  for- 
mation temperatures  were  determined  for  the  subsilicates, 
4RO.SiO,  and  aRO.SiO, ;  the  singulo-silicate,  2RO.SiO, ;  the 
three-to-four  silicate,  3R0.2SiO, ;  the  sesquisilicate,  4R0.3SiOj, 
and  the  bisilicate  RO.SiO,.  ■  With  each  series  the  start  was 
made  with  the  pure  ferrous  silicate,  and  the  iron  gradually 
replaced  by  lime.  (2).  The  formation-temperatures  were  deter- 
mined for  a  cross-series  of  slags,  starting  from  the  subsilicate, 
4RO.SiO„  and  extending  to  the  trisilicate,  2R0.3SiO, ;  the  per- 
centage of  ferrous  oxide  being  kept  twice  that  of  calcium  oxide, 
with  the  purpose  of  studying  the  eflFects  of  a  steadily  increasing 
percentage  of  silica.  (3).  A  singulo-silicate,  in  which  the  per- 
centages of  silica,  ferrous  oxide  and  calcium  oxide  were  most 
evenly  divided  (SiO,,  3.21  ;  FeO,  35.9  ;  CaO,  32),  was  chosen,  and 
the  effects  of  replacing  the  constituents  studied.  The  results 
may  be  summarized  as  follows  :  ( i ) .  The  pure  ferrous  silicate  of 
a  slag  always  has  a  higher  formation  temperature  than  when  part 
of  the  iron  has  been  replaced  by  lime.  After  a  certain  replace- 
ment, however,  the  temperature  rises  again,  more  or  less 
steadily,  until  a  practical  infusible  mixture  has  been  reached. 
Slags  more  acid  than  a  singuld-silicate  allow  only  a  very  much 
smaller  substitution  of  lime  with  lowering  of  formation  tempera- 
ture, than  when  more  basic.  With  the  pure  ferrous  silicate,  the 
formation  temperature  rises  as  the  silicate  degree  falls. 

(2).  The  cross  series  shows  that  the  formation  temperatures 
are  partly  constant  from  the  silicate  degree  0.50  to  1.25,  that 
they  then  fall  to  a  minimum  with  a  silicate  degree  2.50-2.75,  and 
then  rise  quickly.  (3).  Manganous  oxide  raises  the  formation 
temperature  approximately  in  proportion  to  the  degree  of  replace- 
ment of  ferrous  oxide.  Magnesia  decidedly  raises  it  when  replacing 
lime  ;  zinc  oxide  sometimes  raises,  then  again  lowers  it,  the  irreg- 
ularity being  due  probably  to  the  fact  that  the  whole  of  the  zinc 
oxide  is  not  always  converted  into  silicate  ;  baryta  lowers  the  for- 
mation temperature  decidedly  and  uniformly.  A  combination  of 
magnesia  and  zinc  oxide  does  not  improve  matters  ;  baryta  added 
to  magnesia  or  to  zinc  oxide  lowers  the  temperatures  and 
straightens  out  the  curves,  proving  it  to  be  a  powerful  flux. 
Alumina  made  to  replace  silica  raises  the  formation  temperature 
very  quickly ;  if  it  replaces  lime,  the  temperature  sinks  some- 
what and  remains  constant  until  three-quarters  of  the  lime  has 
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been  thus  replaced,  when  it  rises  quickly.  Replacing  ferrous 
oxide  or  ferrous  oxide  and  lime  by  alumina  gives  irregular 
curves. 

Utilizing  the  Heat  of  Molten  Slag.  By  H.  Lang.  Eng. 
Min,  y.,  70,  334. — This  paper  is  a  continuation  of  the  discussion 
previously  referred  to  (Mw  Rev,,  6,  117). 

A  Decade  of  Progress  in  Reducing  Costs.  By  C.  Kirchhofp. 
Trans,  Am,  Inst,  Min,  Eng.,  29,  352-371. — The  paper  discusses 
the  costs  of  producing  pig  iron,  Bessemer  ingots,  rolling  rods, 
coking,  and  lead  smelting  and  refining,  and  shows  what  the 
causes  were  that  have  contributed  to  the  reduction  of  cost. 

The  Smelting  Corporation's  Works  at  Ellesmere  Port,  Eng- 
land. By  J.  S.  F.  VoGEL.  Eng,  Min,  J.,  70,  365-366.— At 
these  works,  designed  by  W.  B.  Devereux,  zinc-lead  sulphide 
ores  are  roasted,  briquetted,  and  then  smelted  in  water-jacket 
blast-furnaces  with  sodium  sulphate  and  iron  oxides  as  fluxes 
according  to  the  Fry  patents.  The  slag  has  the  following  per- 
centage composition  :  S,  14  ;  SiO,,  15  ;  ZnO,  30 ;  Fe,  22  ;  CaO, 
7  ;  Na,  7,  and  small  quantities  of  Pb,  Mn,  and  Cu,  and  is  thor- 
oughly fluid.  It  runs  off  continuously  at  both  ends  of  the  blast- 
furnace into  overflow  slag-pots,  while  the  lead  is  drained  off 
through  an  Arents  siphon  tap. 

Notes  on  Lead  Smelting  and  Qold  and  Silver  Refining,  Cost 
of  Smelting  and  Refining  at  the  Qldbe  Works,  Denver,  Colo. 

By  M.  W.  IiyES.  Eng,  Min,  J.,  70,  185-186. — Sulphide  ores  are 
roasted  in  hand  and  mechanical  reverberatory  furnaces.  At  the 
Globe  Works  the  cost  of  roasting  in  the  hand  reverberatory  fur- 
nace was  reduced  from  $3,975  per  ton  in  1887  to  $2,620  in  1898. 
This  saving  in  expense  was  due  ( i )  to  widening  the  hearths  2  ft. 
which  allowed  the  addition  of  200  lbs.  to  each  ore  charge  and  in- 
creased in  twenty-four  hours  the  output  per  furnace  1200  lbs., 
and  (2)  to  a  change  in  the  method  of  working,  the  ore  being,  with- 
drawn from  near  the  fire-bridge  in  a  sintered  instead  of  in  a  fused 
state.  Two  Brown-0*Hara  furnaces  were  put  in  operation  but 
did  not  give  the  results  expected  from  them.  The  total  coast  of 
roasting  during  the  year  1898  was  in  the  hand  reverberatory  fur- 
nace $2.75  (labor  $1.50,  coal  $0.98,  general  expenses  $0.77);  in 
the  Brown-0*Harafumace$2.2i  (labor  $0.76,  coal  $0.62,  general 
expenses  $0.83).  The  author  believes  that  the  apparent  gain  of 
$0.54  with  the  mechanical  furnace  is  more  than  offset  by  the  ex- 
penses of  repairs  not  accounted  for  in  the  above  statement.  The 
cost  of  smelting  in  the  blast-furnace  was  reduced  from  $4,644  per 
ton  of  ore  in  1887  to  $2,260  in  1898.  This  was  due  to  the  increase 
of  size  of  furnace,  and  of  pressure  of  blast,  and  to  the  improve- 
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ments  in  the  handling  of  ores  and  products.  The  cost  of  desilver- 
izing of  base  bullion  by  the  Parkes  process  showed  a  range  of  $3 
to  $5  per  ton ;  the  charges  for  interest,  expresSage  of  precious 
metal,  brokerage,  treatment  of  by-products,  etc.,  make  the  total 
cost  about  twice  as  great. 

Notes  on  Lead  Smelting  and  Gold  and  Silver  Refining.  The 
Fallis  Manometer.  By  M.  W.  Ii.es.  Eng.  Min, /,,  ^, 'jt^- 
766. — For  a  description  of  this  gauge  the  reader  is  referred  to  the 
original  article  containing  complete  drawings.  M.  W.  Brown 
(^op  cit,  70,  93)  calls  attention  to  the  fact  that  the  Fallis  manom- 
eter is  a  modification  of  an  instrument  invented  many  years  ago 
by  Dr.  WoUaston  (  Trans,  North  of  England  Inst.  Min,  Eng. ,  3, 
68  ;  also  Trans.  Inst.  Min.  Eng.,  3,  452). 

Refinery  Products.  By  M.  W.  Iles  School  Mines  Quart., 
^»  397- — 1"^^  author  publishes  a  list  of  forty-eight  analyses  and 
assays  of  refinery  products,  mostly  from  the  works  of  the  Globe 
Smelting  and  Refining  Company,  Denver,  Colorado. 

Welding  Copper.— The  Leibe  Process.  By  C.  E.  Wait. 
Eng.  Min.  /.,  69,  705. — ^The  article  records  the  results  of  some 
mechanical  tests  of  welds  made  by  the  Leibe  process  of  copper  to 
copper,  and  copper  to  machine  steel,  the  details  of  the  mode  of 
operating  being  withheld  for  the  present. 

New  Smelting  Works  at  Grand  Forks,  B.  C.     By  A.  W.  B. 

Hodges.  Qan.  Min.  Rev.,  19,  114-115. — The  paper  gives  in 
outline  a  description  of  the  '  *  Granby  '  *  Copper  Smelting  Plant 
recently  erected  at  Grand  Forks. 

Results  of  Smelting  at  the  Hall  Mines,  Limited.     By  R.  D. 

Headly.  Eng.  Min.  f.,  70,214. — In  the  year  ending  Septem- 
ber 30,  1899,  the  cost  of  matting  sulphide  copper  ore  was  reduced 
from  $3.66  per  ton  in  the  previous  year  to  $2.96.  This  was  due 
to  the  use  of  a  larger  blast-furnace.  The  cost  was  divided  up  as 
follows  :  flux,  $0,196  ;  fuel,  $1,445  ^^^  labor,  etc.,  $1,320.  The 
matte  averaged  Cu,  45  per  cent.,  Ag,  290  oz.,  and  Au,  0.77  oz. 
per  ton.  The  losses  and  gains  in  smelting  were  Au,  +  10  per 
cent.;  Ag,  —  8  per  cent. ;  Cu,  —  6  per  cent.  In  one  of  the  rever- 
beratory  furnaces  used  for  concentrating  matte,  the  bottom,  of 
9-inch  brick,  had  worn  down  in  some  places  to  2\  inches.  After 
tearing  it  out,  it  was  found  to  contain  25  tons  of  copper,  20,000 
oz.  of  silver,  and  400  oz.  of  gold. 

Testing  Losses  in  Flue  Dust  in  Cupola  Furnace. — By  N.  P. 

Wood.  Min.  Sci.  Press,  80,  734. — ^J.  B.  Seager  of  the  Helvetia 
Copper  Co. ,  Helvetia,  Arizona,  placed  a  sheet  iron  hood  with 


Metallurgical  Chemistry,  19 

hopper  over  the  stack  of  a  copper  blast-furnace  in  order  to  save 
flue  dust.  The  hood  reversing  the  direction  of  the  gases  before 
they  are  allowed  to  pass  off  into  the  open  causes  them  to  drop  a 
large  part  of  the  dust  which  is  collected  in  the  hopper.  The 
amount  thus  saved  was  4. 26  per  cent,  on  the  charge,  and  the  value 
of  copper  in  the  dust  to  that  in  ore  charge  was  as  2  :  3.  A  screen 
analysis  gave  the  following  results  : 


Per  cent. 

size  screen. 

caught. 

Cu. 

SiOs. 

Fe. 

CaO. 

On          20 
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•  •  • 

• « • 

•   •  • 

40 
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II.4 
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60 

318 
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35-2 

13.2 

22.7 

80 

13.1 

4-2 

38.2 

15.0 

20.0 

**          100 

5-7 

4.5 

40.7 

14.4 

19.0 

Through   100 

32.3 

4.7 

44.0 

15.0 

14.5 

They  show  that  the  fine  dust  is  richer  in  copper  than  the  coarse 
parts.  The  furnace  is  run  on  oxide  and  sulphide  copper  ore  with 
a  small  proportion  of  carbonate.  With  high-grade  carbonate  ore, 
the  fine  dust  would  form  a  larger  proportion  of  the  whole,  and 
the  loss  in  copper  be  correspondingly  greater. 

A  Cheap  ilethod  of  Converting  Matte.  By  J.  H.  Rodda. 
Eng,  Min.  /.,  70,  123. — The  method  contemplates  the  use  of  the 
ordinary  upright  Bessemer  converter.  When  turned  into  the 
horizontal  position,  it  serves  as  fore-hearth  for  the  blast-furnace 
receiving  through  an  inlet  at  the  side  the  matte-slag  mixture, 
and  settles  out  the  matte  while  the  slag  overflows  through  the 
nose.  When  the  converter  is  filled  with  matte,  the  side  inlet  is 
closed,  and  it  is  turned  up  and  the  matte  blown  in  the  usual 
way. 

The  Copper  Queen  nine,  Arizona.  By  J.  Dougi^as.  Trans. 
Am./nst.Afm.  Eng.,  2g,  ^11-5^6,  Discussed  by  E.  Keller. 
/did.,  1056-1058. — After  a  detailed  description  of  the  occurrence 
of  the  ore  and  a  discussion  of  its  genesis,  the  author  takes  up  the 
metallurgical  treatment.  The  smelting  plant  consists  of  four 
oval  slightly  conical  water  jacket  blast-furnaces,  42  X  120  inches 
at  the  tuyeres;  a  furnace  has  two  tilting  wells,  the  slag  from  one 
overflowing  into  the  other.  The  clean  slag  from  the  second  well 
is  caught  in  a  2-ton  ladle  which  is  moved  by  an  electric  crane  and 
discharged  into  a  4-ton  slag  car  drawn  to  the  dump  by  a  locomo- 
tive. The  same  crane  transports  the  matte  poured  from  which- 
ever of  the  eight  wells  that  is  full,  to  one  of  the  three  converters 
and  returns  the  converter  slag  to  one  of  the  wells  nearest  a  fur- 
nace, thus  giving  shots  of  matte  the  necessary  time  for  settling. 
The  converters  are  of  the  horizontal  barrel-type.  They  are  8 
feet  long,  and  5  feet  6  inches  in  diameter.  The  blast-furnace  puts 
through  in  twenty  four  hours  160  tons  of  a  charge  made  up  of 
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oxide  ore  carrying  some  sulphur,  low-grade  clay-ore,  and  raw  and 
roasted  sulphide  ore,  so  as  to  give  a  matte  with  45  per  cent,  copper. 
Every  tenth  charge  consists  of  briquettes  made  from  fine  ore- 
screenings,  flue  dust,  and  coke  dust.  Coarse  screenings  from  the 
converters  are  added  as  extras.  Acid  and  basic  ores  are  so  mixed 
that  no  flux  is  required.  The  coke  consumption  is  12.5  per  cent, , 
the  coke  containing  20  per  cent.  ash.  The  analysis  of  the  ore 
charge  shows  :  Cu,  9.1  ;  SiO„  17.  i  ;  CaO,  trace  ;  S,  16.44 ;  Fe, 
29.7;  Al,  5.4  ;  Zn,  trace  ;  Pb,  trace  ;  Mn,  0.58  ;  H,0,  9.2  per 
cent.;  Ag,  0.9  oz.  per  ton  ;  Au,  trace; — that  of  the  slag  :  Cu, 
0.6;  SiO„  33.8;  CaO,  I. II  ;  S,  i.i;  Fe,  37.7;  Al,  13.15;  Mn, 
T.95  per  cent.;  Ag,  trace.  The  converters  are  lined  at  the  Bis- 
bee  works  with  a  quartz-clay  mixture  carrying  a  small  amount  of 
copper  ;  at  the  Morenci  works  an  ore  with  54  per  cent.  SiO,  and 
20  per  cent.  Al^O,  is  used.  The  paper  gives  full  details  of  four 
blows  that  a  new  converter  lining  will  stand.  It  took  nine  hours 
forty-three  minutes  to  make  15,070  lbs.  of  copper  in  4  charges 
from  55  percent,  matte.  From  each  charge  samples  were  taken, 
32  all  together,  and  analyzed.  The  analysis  of  the  samples  taken 
from  the  last  blow  are  subjoined.  The  values  are  all  percentages 
except  those  in  parentheses  which  represent  the  ounces  of  silver 
and  gold  per  ton. 
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Keller,  calculating  the  elimination  of  impurities  in  Bessemeri- 
zing  from  the  author's  analyses,  gives  the  following  percentages: 
S,  99.2  percent.;  Fe,  99.6  per  cent. ;  Zn,  93.8  per  cent.;  Ni,  93.1 
per  cent.;  Pb,  96.2  per  cent.;  Sb,  70.6  percent.;  As,  79.5  per 
cent.;  Se  and  Te,  35  per  cent.  In  analyzing  some  samples 
obtained  from  the  author,  and  separating  selenium  and  tellurium, 
he  found  the  elimination  of  selenium  to  be  greater  than  that  of 
tellurium.     In  the  analyses  of  the  author,  nickel  and  cobalt  are 
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given  together  as  nickel ;  Keller  separated  nickel  and  cobalt  and 
found  that  cobalt  formed  25-50  per  cent,  of  the  sum  of  the  two 
metals.  As  cobalt  is  completely  slagged  in  Bessemerizing,  the 
elimination  of  nickel  as  93.  i  per  cent,  calculated  from  the  author's 
figures  is  very  much  too  high. 

Steam  Metal.  By  E.  S.  SpERRY.  Aluminum  World,  6, 
91-92.  The  Foundry,  16,  106-108. — Steam  metal  is  an  alloy  of 
copper,  tin,  zinc  and  lead  used  for  valves,  cocks,  injectors, 
couplings,  unions,  etc.  If  correctly  made,  it  is  strong,  but  not 
brittle,  not  easily  corroded,  and  permits  being  worked  at  a  high 
speed.  A  good  all-round  alloy  contains  Cu,  85  per  cent. ;  Sn,  7  per 
cent. ;  Zn,  5  per  cent. ;  and  Pb,  3  per  cent.  Copper  alone,  while 
resisting  corrosion,  would  be  too  soft  and  tough;  it  is  therefore 
hardened  by  the  addition  of  tin  ;  this,  however,  makes  unsatis- 
factory sand  castings  and  zinc  has  to  be  added.  Finally,  in  order 
to  permit  the  alloy  to  be  cut  at  a  high  speed,  lead  is  added,  but 
only  a  small  quantity,  as  an  excess  would  reduce  the  resistance 
to  corrosion.  The  small  amounts  (under  i  per  cent.)  of  chem- 
ically combined  iron  found  in  steam  metal  have  no  harmful 
effect;  they  perhaps  make  the  alloy  slightly  harder.  Any 
mechanically  combined  iron,  however,  becomes  hardened  in  cast- 
ing, and  ruins  the  tools  when  the  alloy  is  being  cut.  This  iron 
gets  into  the  metal  from  chips,  pieces  of  tools,  etc. ,  contaminating 
the  scrap  from  which  steam  goods  are  invariably  made. 

Emerson's  Method  of  Producing  Electrolytic  Copper- Wire 
Bars.  By  E.  Emerson.  Eng,  Min,  /.,  70,  399. — In  this 
process  a  spiral  strip  of  copper  is  deposited  by  electrolysis  on  a 
cathode  using  unrefined  copper  as  anode;  this  strip  is  removed 
and  suspended  in  another  electrolyzing  vat  as  cathode,  and  the 
deposition  continued  until  a  bar  of  sufficient  size  has  been 
produced. 

The  Hans  A.  Frasch  Electrolytic  Process  for  Extracting 
Metals  as  Applied  to  Copper-Niclcel  Jlatte.  By  J.  Struthers, 
Eng,  Min.  J,,  70,  272-273.  Discussed  by  W.  Thum.  Ilnd., 
334. — ^The  process  consists  of  electrolyzing  in  a  divided  cell 
sodium  chloride  with  nickel-copper  matte  as  anode.  The  chlorine 
set  free  at  the  anode  is  to  dissolve  the  metal,  while  the  sodium  is 
to  form  caustic  soda  as  a  valuable  by-product.  From  the 
solution  of  metal  chlorides,  the  metals  are  to  be  precipitated  by 
electrolytic  or  by  chemical  methods.  Thum's  objections  relate  to 
the  difficulty  of  making  electric  connection  with  anode  particles 
that  have  become  covered  with  sulphur,  and  of  depositing  copper 
and  nickel  from  the  chloride  solution. 

Notes  on  the  Disintegration  of  an  Alloy  of  Nickel  and 
Aluminum.     By  E.  S.  Sperry.     Trans.  Am.  Inst.  Min.  Eng., 
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ag,  280.  Discussed  by  A.  E.  Hunt  and  S.  Peters.  Ibid., 
1029-1030. — ^The  author  found  that  an  alloy  of  equal  parts  of 
nickel  and  aluminium  in  about  one  month  showed  cracks  on  the 
surface,  these  slowly  penetrated  deeper,  new  cracks  began  to 
appear,  the  alloy  split  into  many  large  pieces,  and  after  three 
months  had  become  entirely  disintegrated,  forming  a  coarse 
powder.  The  newly  made  alloy  was  very  fluid,  had  a  gray  color 
like  that  of  wrought  iron  and  the  fracture  did  not  have  any 
crystalline  appearance.  An  alloy  of  90  per  cent,  aluminum  and 
10  per  cent,  nickel  remained  sound.  Hunt's  observations  agree 
with  those  of  the  author;  he  found  that  the  same  phenomena 
occurred  with  50  per  cent,  of  alloys  of  aluminum  with  iron,  or 
manganese,  or  chromium,  or  tin.  Peters  observed  in  the  early 
seventies  in  making  ferromanganese  with  80-85  per  cent, 
manganese  in  a  crucible,  that  after  a  lapse  of  some  time  the  alloy 
crumbled  to  a  fine  powder,  an  odor  of  hydrocarbon  being  given 
off. 

The  Bryan  Mill  as  a  Crusher  and  Amalgamator  Compared 
with  the  Stamp-Battery.  By  E.  A.  H.  Tays.  Trans.  Am. 
Inst.  Min.  Eng.,  ag,  776-782.  DiscussBD  by  A.  H.  Wynnb. 
Ibid.,  1054-1056. — ^This  paper  gives  the  results  obtained  in  amal- 
gamating the  same  kind  of  gold  ore  in  a  4-foot  Bryan  mill  and  a 
5-stamp  battery.  A  4-foot  Bryan  mill  costs  about  the  same  as  a 
5-stamp  battery,  but  crushes  about  twice  the  amount  of  ore.  The 
extraction  of  gold  is  about  the  same  with  both  apparatus,  but"  the 
battery  saves  65  per  cent,  of  the  values  inside  the  mortar,  while 
only  33  per  cent,  is  collected  inside  the  Bryan  mill.  The  Bryan 
mill  requires  less  attention  than  the  battery  and  the  wear  of  iron 
is  smaller.  By  reason  of  the  higher  cost  of  the  castings  used  by 
the  Bryan  mill,  the  cost  of  wear  is  nearly  three  times  greater 
than  with  the  battery.  In  the  discussion,  Wynne  states  that  in 
order  to  do  satisfactory  work  with  a  roller  mill,  it  is  necessary  to  * 
work  with  fluid  and  not  with  a  soft-hard  amalgam  as  is  the  case  in 
battery  amalgamation.  He  believes  that  if  the  author  had  used 
enough  quicksilver,  the  saving  in  silver  would  have  been  nearer 
80  per  cent,  than  33  per  cent.  The  experience  of  others  with 
this  mill  seems  to  prove  that  it  is  necessary  to  run  with  a  hard 
amalgam,  as  was  apparently  done  by  Tays,  because  a  very  liquid 
amalgam  would  not  remain  in  the  mill. 

The  Patio  Process  in  QuanajuatOy  Mexico.  By  R.  Pbrnandbz. 
Trans,  Am.  Inst.  Min.  Eng.,  29,  1 16-12 1. — ^The  ores  best  suited 
for  the  patio  process  are  those  containing  the  silver  in  the  form 
of  argentite,  then  follow  pyrargyrite,  polybasite,  stephanite, 
proustite,  etc.  Chlorides,  bromides,  and  iodides  of  silver  are  con- 
sidered to  be  refractory  ;  blende,  galena,  boumonite,  and  pyritic 
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ores  are  not  suited  at  all.  High-grade  ores  do  not  give  as  satis- 
factory results  as  those  containing  40-50  oz.  silver  per  ton.  The 
ores  at  this  celebrated  mine  are  crushed  in  a  roller-mill  to  pea- 
size,  then  ground  in  an  arrastra  to  pass  an  80-mesh  screen,  and 
amalgamated  in  the  patio.  The  amalgam  is  separated  from  the 
sands  in  a  settler,  retorted,  melted,  and  assayed.  The  wet  pulp 
to  be  treated  in  one  operation  amounts  to  100-250  tons.  It  is 
spread  in  the  patio  to  the  thickness  of  12  inches.  It  should  con- 
tain enough  water  to  dissolve  the  salt  and  blue  vitriol  (40-60 
kilos  per  ton)  which  are  added,  and  thick  enough  to  hold  finely 
divided  mercury  (8  parts  to  one  part  silver)  in  suspension.  The 
amalgamation  lasts  three  to  six  weeks  according  to  the  time  of 
the  year.  The  progress  of  the  operation  is  ascertained  by  pan- 
ning some  of  the  pulp,  collecting  the  amalgam,  volatilizing  the 
quicksilver,  and  weighing  the  residual  impure  silver.  Occasion- 
ally assays  are  made  of  the  tailings.  The  treatment  is  considered 
to  be  at  an  end  when  the  ratio  of  silver  and  mercury  in  the  amal- 
gam is  the  same  as  at  the  beginning  of  the  amalgamation,  allow- 
ing for  loss  of  mercury  1.116  parts  for  i  part  silver,  of  which  i 
part  is  chemical  and  0.116  mechanical.  The  reactions  that  take 
place  in  the  patio  have  been  much  discussed.  Starting  with 
cupric  chloride  formed  by  the  action  of  sodium  chloride  upon 
cupric  sulphate,  they  may  be  expressed  according  to  R.  Fernan- 
dez as  follows  :  • 

2CUCI,  +  2Ag,S  =  Cu,Cl,  +  2Ag,Cl  +  S, 
2Ag,Cl  +  2Hg  =  Hg.Cl,  +  Ag, 
and  CUjCl,  +  2Ag,S  =  2CuS  +  2Ag,Cl 

2Ag,Cl  +  2Hg  =  Hg,Cl,  +  Ag,. 

A  detailed  statement  of  cost  of  treatment  is  given  by  the  author  : 
the  total  cost  is  $13.45  per  ton  ;  the  loss  in  silver  is  6.25  per  cent. ; 
the  consumption  of  blue  vitriol  4  kilos,  and  of  salt  55.5  kilos  per 
ton. 

The  Evolution  of  the  3oo«Stanip  Mill  on  Douglas  island, 
Alaska.  By  H.  Watson.  Min,  Sci.  Press,  80,  668.— This  is  a 
brief  description  of  the  celebrated  gold  mill  which  crushes  per  day 
1300  tons  of  ore,  assaying  $3.00  gold  per  ton  and  containing  2  per 
cent,  concentrates  which  are  saved  on  belt  machines.  The  tail- 
ings run  usually  from  10-15  cents  per  ton. 

Cheap  Mining  and   nilling  at  Spanish  nine.     By  H.  F. 

Brown.  Min,  Sci.  Press,  80,  318. — The  paper  gives  a  brief  de- 
scription of  the  occurrence  of  gold  and  manner  of  working  in  this 
well-known  mine  where  the  ore  yielding  a  trifle  over  91  cents  per 
ton,  gives  a  profit  of  32.6  cents,  the  cost  of  58.5  cents  being 
divided  into  mining,  34.6  cents,  and  milling,  including  general 
expenses,  23.9  cents. 
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Gold  Mining  and  Milling  in  Georsia.  By  H.  V.  Croi.1.. 
Min,  Sci.  Press,  80,  121-122. — ^This  is  a  brief  review  of  the  past 
and  present  methods  of  working  with  special  reference  to  the 
Dahlonega  district,  Lumpkin  County. 

Note  on  Plate-Amalgamation.  By  A.  J.  Ci^ark.  Trans.  Am. 
Inst.  Min.  Eng, ,  29,  459-462.  Discussed  by  Collins  and  Fur- 
man.  Ibid, ,  1 039-1 042 .  Referring  to  a  paper  by  Bayliss  on  *  *  The 
Accumulation  of  Amalgam  on  Copper  Plates"  {op,  cit,,  26,  33), 
in  which  it  was  stated  that  at  the  Driimlummon  mill,  Marys- 
ville,  Mont.,  the  silver  of  the  ore  showed  a  tendency  to  es- 
cape amalgamation,  the  amalgam  nearest  the  battery  being 
richest  in  gold,  and  that  farthest  from  it  richest 
in  silver,  the  author  records  one  set  of  tests  he  made  in 
1897  with-  samples  of  amalgam  taken  from  the  Golden 
Star  mill  of  the  Homestake  Mining  Co.,  I^ad  City,  S. 
Dak.,  the  results  of  which  were  similar  to  those  of  Bayliss; 
and  a  second  set  made  in  1899  from  the  entire  product  of  the 
plates  of  four  batteries  which  wholly  contradicted  those  from  the 
first  set  of  tests.  He  believes  that  an  amalgamated  copper  plate 
has  a  weaker  amalgamating  power  for  silver  than  one  that  has 
been  silverplated. 

Some  Observations  on  Practice  of  Cyanide  Process  at  Mercur, 
Utah.  By  W.  Magenau.  Min.  Sci.  Press,  80, 433-464,492. — The 
ores  of  the  Mercur  district  are  well  suited  for  the  cyanide  process ; 
they  run  from  $3.00  to  $12.00  in  gold,  and  carry  some  silver ; 
some  large  ore  bodies  contain  from  $1.00  to  $2.50  gold,  but  with 
less  than  $2.50  gold  per  ton  they  can,  at  present,  not  be  worked 
at  a  profit.  The  ores  are  of  four  kinds:  (i)  **  Oxidized  Ore," 
forming  two-thirds  of  the  ore  milled,  consists  of  ferruginous 
shale,  siliceous  limestone  and  decomposed  porphyry.  It  fre- 
quently contains  cinnabar.  (2)  **Base  Ore,'*  constituting  one- 
fourth  of  the  milling  ore,  resembles  the  oxidized  ore  as  far  as  the 
rock  is  concerned,  but  carries  realgar,  orpiment,  and  stibnite,  and 
sometimes  native  antimony,  further  arsenopyrite.  (3)  "  Talcy 
Ore,"  of  minor  importance,  is  a  compact  clay  (decomposed  por- 
phyry) which  has  to  be  calcined  before  it  can  be  leached.  (4) 
**  Black  Ore,"  dull  black  from  carbonaceous  matter,  carrying 
good  values,  but  not  worked  at  present.  The  paper  discusses 
only  the  treatment  of  oxidized  ore,  the  manner  of  working  the 
other  ores  having  been  described  by  H.  L.  J.  Warren  (M£y  Rev.^ 
6,  49).  A  peculiarity  of  the  work  is  the  coarse-crushing  previous 
to  leaching,  i-  and  2-mesh  sieves  being  common,  the  De  Lamar 
mill  only  having  found  it  necessary  to  use  a  4-mesh  screen.  The 
explanation  given  for  the  coarse-crushing  is  that  the  gold  occurs 
chiefly  along  minute  lines  of  fracture  into  which  the  solutions 
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penetrate  readily.  The  machinery  consists  of  gyratory  crushers, 
rolls,  and  screens.  The  crushed  ore,  mixed  with  burnt  lime,  if 
necessary,  is  discharged  into  leaching  tanks  of  16-250  tons  capac- 
ity. The  common  size  holds  30-50  tons  of  ore,  is  circular  and 
has  sheet-iron  sides  and  3-inch  red  wood  bottoms ;  the  De  Lamar 
mill  has  250-ton  vats.  The  filter  in  common  use  is  a  single  thick- 
ness of  burlap  laid  on  strips,  nailed  to  the  bottom,  and  protected 
by  a  second  row  of  strips  (at  right  angles  to  the  first)  from  the 
shovels,  when  the  tailings  are  being  discharged ;  the  filtrate  is 
somewhat  turbid,  but  less  so  than  would  be  expected  from  the 
percentage  of  slimes  in  the  charge.  Only  one  strength  of  solu- 
tion is  used,  being  admitted  sometimes  from  above,  sometimes 
from  below.  The  total  time  required  for  the  leaching  of  a  charge 
is  sixty  to  one  hundred  and  twenty  hours.  It  is  made  up  of  a 
number  of  separate  percolations,  the  solvent  being  every  time 
drained  off.  In  a  given  time,  a  large  number  of  short  percola- 
tions gives  better  results  than  a  few  of  longer  duration.  The  first 
percolation  lasts  about  eight  hours,  the  others  less  time.  It  has 
been  noticed  that  the  gold  is  rendered  soluble  after  a  few  hours' 
contact  with  the  cyanide,  and  that  the  bulk  of  the  time  is  required 
to  wash  out  the  gold  solution  from  the  ore.  The  amount  of  wash- 
water  used  is  generally  equal  to  the  amount  of  moisture  remain- 
ing in  the  drained  ore.  The  extraction  from  ore  with  $3.00  to 
$5.00  gold  per  ton  ranges  from  70-80  per  cent.,  the  ordinary  vari- 
ations being  72-76  per  cent.;  with  ores  assaying  over  $5.00  gold 
per  ton  the  extraction  is  normally  above  80  per  cent. ;  with  base 
ores  after  roasting,  90  per  cent,  and  over.  The  gold  is  precipi- 
tated from  the  solutions  (carrying  when  rich,  $3.00  to  $4.00, 
when  poor  $0.60  to  $1.00  gold  per  ton)  with  zinc  shavings  or 
zinc  dust.  The  shavings  are  made  of  No.  30  sheet  zinc,  50  sheets 
at  12  lbs.  forming  a  **  cake.''  Six  sheets  at  a  time  are  wound 
around  a  wooden  mandrel  (5  inches  in  diameter),  tied  with  cord 
and  then  cut  in  a  screw-cutting  machine;  the  tool  ("self -tem- 
pering steel")  is  held  by  the  automatic  carriage  and  cuts  the 
shavings  from  one  end.  A  mandrel  geared  to  50  revolutions  per 
minute  and  cutting  to  ^ Av  ^^^^  makes  50  lbs.  shavings  in  eight 
hours.  The  space  taken  up  by  the  zinc  in  the  precipitating  box 
is  I  cubic  foot  for  every  3^  tons  of  ore  in  twenty-four  hours.  The 
precipitation  with  zinc-dust  has  already  been  described  {this  Rev, , 
6,  49).  The  gold  precipitate  contains  less  than  6  per  cent.  gold. 
This  is  due  to  the  settling  out  of  the  slimes  from  the  turbid  fil- 
trates of  the  leaching  tanks  and  to  the  presence  of  disintegrated 
particles  of  zinc.  The  precipitate  is  separated  from  the  undecom- 
posed  shavings  by  screening  with  sieves  ranging  from  4-  to  10- 
mesh;  they  are  then  dried,  sampled,  and  shipped  to  a  lead  smelt- 
ing plant.  Refining  at  the  works  by  treatment  with  sulphuric 
add  and  nitric  add  under  a  hood,  provided  with  a  suction  fan  to 


26  Review  of  American  Chemical  Research, 

carry  ofiE  poisonous  gases,  is  carried  on  at  one  mill  only.  The 
following  two  analyses  give  an  idea  of  how  greatly  the  percentage 
composition  of  samples  of  slimes  varies. 

AlfQi  7  Other 

Au.      A«.       and       Ca.       Mg.    -fSo?     ZnO.       Pb.        Aa.       Hg.      SiO».    cle- 
PeflOs.  mciai.  ments. 

I    4.56    0.05    3.00    3.20    0.07    38.28    35.86    1.20    0.25    o.IO    6.10    7.58 

II    5.26  trace  0.92    2.78    0.48    55.38    16.66    0.53    0.71    0.31    2.12  14.85 

The  subjoined  analysis  shows  the  composition  of  the  solids  of 
a  working  solution  :  Zn,  0.062  ;  Ca,  0.005  \  Mg,  o.O(X)9  ;  Fe, 
trace  ;  SO,,  0.102  ;  K^FeCy,,  0.0002  ;  KCyS,  0.0015  ;  Cy,  0.092; 
K,  o.iooo  ;  total,  0.27  percent. 

There  are  in  the  district  two  mills  (Northern  Light  and  Chlo- 
ride Point)  treating  silver  ores  with  potassium  cyanide.  The 
ores  contain  2-20  ozs.  silver  per  ton  ;  the  mode  of  operating  is 
similar  to  that  of  the  gold  mills.  The  solutions  contain  al^ut 
100  times  as  much  metal  as  those  in  the  gold  mills  ;  the  extrac- 
tion is  60-70  per  cent. 

The  Cyanide  Process  at  ilercur.  By  D.  C.  Jackung.  Min. 
Sci.  Press y  80,  582-609. — ^This  paper  treats  of  the  process  carried 
out  at  the  Golden  Gate  Mill  which  has  a  capacity  of  about  800 
tons  calcined  and  roasted,  and  200  tons  raw  ore.  The  ores  are 
classed  as  **  oxidized  ores,"  a  calcareous  and  silicious  variety, 
**talcy  ores,"  a  decomposed  porphyry,  and  *' base  ores"  calca- 
reous and  talcose  rock  with  large  quantities  of  base-metal  sul- 
phides. The  ore  is  crushed  to  pass  a  2-inch  ring  ;  it  then  passes 
through  a  mechanical  drying  furnace  which  discharges  it  into 
Berthelet  screens,  to  separate  out  the  fines.  The  coarse  part 
goes  through  roughing  rolls  (^  inch  apart),  and  after  the  fines 
produced  have  been  taken  out  by  sieves,  to  finishing  rolls.  The 
finished  oxidized  ore  will  pass  a  3-mesh  screen  (No.  16  wire)  and 
is  ready  to  be  leached ;  the  talcose  ore  passing  a  4-mesh  screen 
(No.  15  wire)  is  calcined  in  a  Jackling  furnace  (see  this 
Rev,  6,  47).  The  base  ore,  finer  than  an  8-mesh  screen  (No.  16 
wire),  containing  2-5  percent,  sulphur  and  1-2J  per  cent,  arsenic, 
is  roasted  in  the  same  furnace,  the  sulphur  being  reduced  to 
0.75  per  cent,  and  the  arsenic  to  o.  10  per  cent.  The  high  per- 
centage of  sulphur  is  due  to  the  formation  of  calcium  sulphate. 
The  main  difficulty  to  be  encountered  is  that,  in  the  perox:idation 
of  the  iron  of  the  pyrite  and  arsenopyrite  by  raising  the  tempera- 
ture, the  ore  is  liable  to  sinter  which  interferes  with  the  subse- 
quent leaching.  In  calcining,  the  talcy  ore  is  fed  so  as  to  lie  6 
inches  deep  on  the  hearth,  the  rabbles  traveling  somewhat  more 
quickly  than  in  roasting  base  ores  (40  ft.  per  min. ) ;  the  ore 
remains  six  hours  in  the  furnace  and  140  tons  are  put  through 
in  twenty-four  hours.  In  roasting  base  ores,  the  ore  lies  4 
inches  deep,  remains  eight  hours  in  the  furnace,  and  65  tons  are 
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worked  in  twenty-four  hours.  Careful  investigation  has  shown 
that  there  is  no  volatilization  —  loss  of  gold  in  roasting  and  a 
very  small  loss  by  dusting.  The  obldng  leaching  tanks  (size  not 
given)  must  be  large,  as  i  tank  has  in  the  bottom  eight  discharge 
gates,  15  inches  in  diameter,  through  which  the  tailings  are 
shoveled  into  trucks  standing  beneath.  Gravel  filters  are  used. 
They  consist  of  a  framework  of  wooden  strips  (1x4  inches, 
set  on  edge,  5  inches  apart  and  held  by  two  1x4  inch  blocks, 
nailed  fast  18  inches  apart)  4  inches  deep,  filled  2  inches  with  f- 
inch,  I  inch  with  ^-incli  and  i  inch  with  coarse  sand.  The  three 
layers  are  separated  by  two  pieces  of  12-ounce  burlap  and  the 
top  is  covered  with  i6-ounce  burlap  and  this  is  protected  by 
iron  strips  against  injury  in  shoveling  out  the  tailings.  The  top 
i6-ounce  burlap  has  to  be  renewed  once  a  year,  the  underlying 
12-ounce  burlap  once  in  two  years;  the  top  layer  of  sand  has 
then  also  to  be  replaced,  on  account  of  its  having  become  some- 
what clogged  by  slimes.  In  leaching,  the  first  solution  (under  a 
head  of  14  feet),  containing  0.4-0.5  per  cent,  potassium  cyanide, 
is  admitted  frotn  below ;  it  reaches  the  surface  in  about  eight 
hours  when  sufficient  solution  is  run  in  from  the  top  to  cover  the 
charge  to  a  depth  of  2  inches.  It  is  allowed  to  stand  sixteen 
hours,  is  then  drawn  off  and  at  the  same  time  fresh  solution 
turned  on ;  the  leaching  by  percolation  lasts  about  48  hours. 
This  solution  is  followed  by  a  weaker  solution,  0.30-0.35  per 
cent,  potassium  cyanide  for  48-72  hours  (the  time  required  being 
determined  by  assays  made  on  samples  taken  from  the  ore),  and 
then  washed  and  drained  in  twenty-four  hours.  The  time 
required  for  leaching  is  five  to  six  days,  and  the  total  time 
between  charges  is  six  to  seven  days.  All  solutions  are  run  into 
storage  tanks ;  with  strong  working  solutions  (0.45  per  cent, 
potassium  cyanide)  the  storage- tank  solution  will  contain  0.33- 
0.35  per  cent,  potassium  cyanide.  The  rate  of  leaching  is  |-i 
inch  per  hour  ;  with  base  ores,  this  rate  drops  to  \-^  inch.  The 
best  ratio  of  solution  and  wash- water  to  ore  is  as  2:1.  In  leach- 
ing roasted  ores  having  a  gauge  of  argillaceous  and  silicious  lime- 
stones it  happens  that  the  ore  comes  to  a  set  (cement)  which 
retards  the  percolation  of  the  solvent.  The  consumption  of 
cyanide  is  0.9  lb.  per  ton  of  ore,  0.45  lb.  being  consumed  when 
the  strong  solution  is  being  applied;  the  rest  is  mostly  lost  by 
imperfect  washing.  The  low  solution  is  made  alkaline  by  the 
addition  of  caustic  soda  (i  lb.  soda  to  i  ton  solution)  before  it  is 
brought  up  to  the  standard  with  solid  potassium  cyanide.  This 
effects  a  saving  of  i  pound  of  cyanide  for  every  pound  of  caustic 
added.  The  gold  is  precipitated  by  means  of  imported  zinc  dust 
containing  about  90  per  cent,  metallic  zinc.  A  tank  with  a  capac- 
ity of  30  tons  of  solution  is  half-filled,  air  at  10-15  lbs.  pressure 
is  forced  in  through  a  ^-inch  pipe  to  act  as  a  stirrer,  5  lbs.  of  zinc 


28  Review  of  American  Chemical  Research. 

dust  are  sifted  into  the  tank  while  the  tank  is  filling,  and  the  sift- 
ingis  finished  when  the  tank  is  filled.  The  air  hose  is  now  removed, 
the  suspended  matter  allowed  to  settle  for  half  an  hour  and  the 
supernatant  liquor  drawn  off  through  the  side,  8  inches  above 
the  bottom,  and  passed  through  a  filter  press  to  ooUect  any  sus- 
pended gold  slimes.  With  a  head  of  i8  feet  no  other  pressure  is 
required  unless  the  filters  (Canton  doth)  are  filled  with  slimes. 
The  precipitated  solutions  assay  about  20  cents  gold  per  ton.  In 
the  monthly  dean-up,  the  predpitating  tanks  are  drained  and 
the  slimes  are  passed  through  the  presses.  The  slimes  are  then 
dried  in  iron  pans  placed  in  cast-iron  muffles  and  the  filter-doths 
burned ;  the  whole  is  then  pulverized  to  pass  a  ^-inch  screen. 
The  pulverized  mass  containing  2^3  ounces  gold  per  pound  is 
treated  with  sulphuric  add  to  which  some  nitric  add  has  been 
added,  care  bemg  taken  to  remove  the  fumes.  The  residue, 
after  being  washed  in  a  filter  press  and  dried,  contains  60  per 
cent,  gold  and  40  per  cent,  slimes;  it  is  pulverized,  fluxed  with 
soda,  potash,  and  borax,  and  melted  in  a  No.  300  plumbago  cru- 
cible in  a  double  oil-burning  furnace  large  enough  to  hold  two 
crudbles.  The  bullion,  950  fine,  is  cast  into  looo-ounce  bars. 
The  cost  of  refining  is  15  cents  per  ounce  of  gold. 

Successful  Precipitation  from  Solutions  Wealc  in  Cyanide. 

By  M.  W.  Ai«dbrson.  Min.  Set.  Press.,  80,  316-317. — ^The 
author  gives  further  evidence  of  the  value  of  his  practice  (ihis 
Rev,,  6t  50)  of  adding  some  fresh  potassium  cyanide  to  the  head- 
compartment  of  a  zinc  box  in  order  to  make  the  zinc  active  as  a 
predpitant,  and  furnishes  a  new  explanation  of  the  manner  in 
which  this  addition  acts.  In  his  first  experiments  he  found  that 
the  solution,  strengthened  by  the  addition  of  fresh  salt,  dissolved 
the  crusts  that  had  formed  with  the  ordinary  weak  working  solu- 
tion and  conduded  that  this  was  its  sole  effect.  Following,  how- 
ever, Christy's  reasoning  (this  Rev.,  3, 144)  upon  experiments  on 
the  predpitation  of  gold  from  cyanide  solutions,  he  believes  that 
the  effect  of  the  addition  of  potassium  cyanide  is  to  dissolve  the 
film  which  is  liable  to  form  on  the  surface  of  the  zinc  and  hinder 
the  galvanic  predpitation,  either  by  preventing  contact  or  by  set- 
ting up  a  counter  electromotive  force.  Gold  is  satisfactorily  pre- 
dpitated  from  dilute  cyanide  solutions  as  long  as  the  zinc  remains 
active.  This  addition  of  fresh  salt  becomes  necessary  at  intervals 
when  the  activity  of  the  zinc  begins  to  decrease.  The  salt  is  not, 
as  might  be  thought,  disseminated  quickly  through  the  entire 
solution,  but  is  taken  up  gradually,  though  it  had  all  been  dis- 
solved. As  far  as  his  present  experience  goes,  the  author  advises 
to  add  solid  cyanide  every  six  hours — with  a  new  plant  one  pound 
cyanide  per  ton  of  solution ;  later,  half  a  pound  and  even  less 
will  be  found  to  be  necessary. 
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Precipitation  in  Cyanidin^.  By  M.  W.  Ai^derson.  Min, 
Set.  Press,  81,  124. — The  author  attacks  the  statement  frequently 
made  that  from  a  cyanide  solution  at  90^  P.  better  results  are  ob- 
tained in  precipitating  with  zinc  than  at  ordinary  temperature. 
In  his  experience  he  obtained  as  good  results  at  32^  F.  as  at  120** 
F.  He  also  does  not  accept  the  statement  that  the  precipitation 
of  the  gold  is  at  present  connected  with  any  difficulty,  and  cites  a 
number  of  examples  with  the  necessary  references  to  substantiate 
his  own  experience  by  that  of  others. 

«« Wet  Crusliing  and  Cyanidin^  tlie  5ilicious  Ores  of  the 
Black  Hills,  South  Dakota,"  and  '*  Some  Further  Mill  Practice 
in  Cyanidinn:  the  Sillcious  Ores  of  the  Black  Hills,  South 
Dakota."  By  J.  M.  Hbnton.  Afin,  Sci,  Press,  80,  261  ;  81, 
284. — The  Dakota  Mining  and  Milling  Co. ,  of  Central  City,  S.  D. , 
treats  the  silicious  ore  west  of  Deadwood  by  wet-stamping  with  a 
stock  solution  of  potassium  cyanide  as  battery  water.  The  re- 
sults have,  on  the  whole,  been  very  satisfactory.  The  gold  in  the 
ore  is  present  in  such  a  fine  state  of  division  as  not  to  be  readily 
amalgamated.  It  is  crushed  through  a  6-mesh  woven  screen,  a 
low  discharge  being  used.  Of  the  pulp,  18  per  cent,  remains  on 
a  20-mesh  screen,  12.6  per  cent,  on  a  40-mesh,  7.4  per  cent,  on  an 
8o-mesh,  7.4  per  cent,  on  a  loo-mesh,  and  49.4  per  cent,  is  finer 
than  a  loo-mesh  screen.  The  pulp  coming  from  the  battery  is 
run  into  a  wooden  tank  (16  feet  in  diameter  and  7  feet  high) 
having  an  Alderson  agitator  (this  Rev,,  6y  50),  and  the  overflow 
is  collected  in  a  sump  to  be  pumped  into  the  storage  tank  of  the 
battery.  When  sufficient  pulp  has  collected  in  the  tank,  the  bat- 
tery is  stopped  and  the  agitator  started,  enough  potassium  cyanide 
having  been  added  to  bring  the  solution  to  the  most  efficient 
strength.  Agitation  lasts  about  three  hours,  stock  solution  is  run 
in  and  made  to  overflow  so  as  to  carry  off  the  slimes  which  are 
settled  in  a  tank  large  enough  to  hold  what  is  formed  in  a  few 
days'  run.  The  sands  are  run  into  an  ordinary  leaching  vat  and 
are  treated  there  by  percolation  in  the  usual  way.  The  gold  solu- 
tion is  precipitated  by  shavings  in  a  zinc  box,  13x2x2^  feet, 
a  zinc  compartment  being  30  inches  long,  18  inches  deep,  and  15 
inches  wide.  Only  four  compartments  were  found  to  be  neces- 
sary, the  rate  of  flow  being  about  one  ton  per  hour.  The  zinc 
boxes  are  cleaned  up  once  a  week.  It  will  benoted  that  there  is 
no  gold-solution  tank  between  the  settling  vat  and  precipitation 
box  to  hold  back  any  slimes  that  may  pass  along.  This  may 
make  it  necessary  to  clean  up  the  boxes  oftener  than  once  a  week. 
An  improvement  on  the  old  arrangement  is  the  insertion  of  a 
**  V  box  to  settle  out  the  sands  which  are  then  discharged  into 
the  agitating  tank. 

The  paper  concludes  with  some  experiments  on  the  assay  on 
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cyanide  solutions.  These  were  evaporated  in  the  gold  pan  in 
various  ways  with  and  without  litharge,  and  in  a  lead  tray.  The 
results  show  that  all  these  methods  give  approximately  concor- 
dant results.  The  following  table  will  show  the  conditions  of 
the  solutions  and  the  precipitation  during  the  month  of  January, 
1900.  Columns  I  and  II  contain  the  values  in  dollars  of  the  solu- 
tion entering  and  leaving  the  zinc  box  ;  column  III,  the  pounds 
of  KCN  per  ton ;  and  column  IV  the  percentage  alkalinity  in 
terms  of  H,SO^ : 

I3-30 
2.80 
3.10 
2.80 
2.80 
2.70 
2.70 
3.00 
3.20 
2.40 
2.60 
4.10 
3.20 
3.80 

3.90 
4.80 
4.20 
4.00 

3-50 
4.60 

4.00 

The  Cyanide  Works  of  the  Liberty  Bell  Gold  ilining  Co., 
Colorado.  By  F.  I^.  Bosqui.  Eng,  Min.  /.,  70,  337-338.— 
The  successful  treatment  of  the  ore  of  this  mine  is  connected  with 
many  difficulties,  especially  as  the  silver  is  present  in  a  form  that 
is  not  readily  amalgamated.  Until  recently  the  method  of  work- 
ing (see  Winslow,  Trans,  Am,  Inst  Min,  Eng,,  29,  296)  consisted 
in  plate  amalgamation,  followed  by  concentration  on  Wilfley 
tables.  As  the  extraction  amounted  to  only  50  per  cent,  of  the 
combined  values  of  gold  and  silver,  treatment  with  potassium 
cyanide  was  tried,  and  this  proved  so  satisfactory  that  a  240-ton 
cyanide  plant  was  erected.  The  only  difficulty  encountered  was 
the  slimy  character  of  the  tailings,  which  made  filtering  difficult. 
The  leaching  room,  190  by  44  feet,  has  a  double  tier  of  leaching 
vats,  five  to  a  tier,  each  33  feet  inside  diameter  and  8  feet  deep, 
holding  275  tons  tailings.  The  precipitating  room,  135  by  30 
feet,  holds  two  storage  tanks  (20  feet  in  diameter  and  15  feet 
deep) ,  four  zinc  precipitation  boxes,  two  vacuum  cylinders  con- 
nected with  a  7  X  10  Stilwell-Bierce  and  Smith- Vaile  vacuum 
pump,  two  Gould  rotary  pumps  for  raising  solution,  and  a  clean- 
up plant  consisting  of  a  2x7  feet  redwood  add  tank,  a  double 
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IV. 

^.00 

I.I 

0.3 

0.00 

1.7 

0.55 

0.40 

2.0 

0.5 

0.30 

\% 

0.45 

0.15 

0.7 

0.05 

2.0 

0.6 

trace 

1-9 

0.45 

0.15 

2.0 

> 

0.5 

0.35 

2.4 

0.85 

0.20 

2.4 

0.75 

0.05 

2.3 

0.65 

0.15 

2.4 

0.5 

1.70 

2.9 

I.OO 

0.15 

2.1 

0.4 

O.IO 

2.0 

0.7 

0.50 

2.2 

0.55 

0.40 

1.5 

0.4 

0.50 

2.5 

0.5 

0.15 

2.2 

0.4 

0.30 

1.4 

0.25 

0.20 

2.1 

0.3 

Metallurgical  Chemistry.  31 

plunger  Johnson  pump,  and  a  12-compartment  Johnson  filter- 
press  with  two  sump  tanks,  each  15^  feet  in  diameter  and  6  feet 
deep.  The  tailings  from  the  Wilfley  tables  are  run  from  a  com- 
mon center  in  radiating  launders  to  the  upper  or  collecting  vats 
(on  grades  ranging  from  2.2  to  4  per  cent.),  being  fed  by  revolv- 
ing pipe-distributors.  The  slimes  are  carried  off  by  means  of 
overflow-gates,  of  which  there  are  four  to  a  vat.  By  this  ar- 
rangement a  charge  is  obtained  of  which  about  45  per  cent,  will 
pass  a  loo-mesh  screen  and  can  be  satisfactorily  leached,  while 
the  slimy  overflow,  about  25  per  cent,  of  the  whole,  is  so  fine  that 
less  than  i  per  cent,  will  remain  on  a  150-mesh  screen.  From 
the  upper  or  collecting  tanks  the  pulp  is  shoveled  through  bot- 
tom-discharge doors  into  the  leaching  tanks  below  (5  men  dis- 
charging a  tank  in  ten  hours  at  a  cost  of  6  cents  per  ton) .  From 
the  lower  tanks  the  tailings,  after  treatment,  are  removed  by 
sluicing.  They  assay  0.07-0. 10  oz.  gold  and  2-2.5  02:s.  silver  per 
ton.  The  cost  of  treatment  for  three  months  is  shown  in  the 
following  table.  The  item  of  chemicals  includes  cyanide,  lime, 
sulphuric  acid,  and  zinc  : 

May.  Jane.  July. 

Labor ^.318  $0235  ^.255 

Chemicals 0.973  o*390  0.371 

Assa3dng 0.044  0.030  0.043 

Shipping  bullion 0.009  o.ooi  o.ooi 

Taxes,  insurance,  and  deprecia- 
tion   0.212  0.101  ^*'3§ 

Miscellaneous « 0.018  0.004  0.008 

Totals |i«574  ^.761  ^.813 

When  the  plant  is  worked  to  its  full  capacity  the  cost  will  be 
reduced  to  $0.55  per  ton. 

The  Treatment  of  Low  Grade  5iliclous  Ore  of  the  RoAsland 
Camp,  by  Cyanide  of  Potassium.  By  G.  V.  Hopkins.  Can. 
Min,  Rev,^  19,  131-134. — ^The  process  used  at  this  mill  is  that  of 
Pelatan-Clerici  which  aims  to  combine  lixiviation  with  amalgama- 
tion assisted  by  electricity.  While  it  has  been  a  failure  where- 
ever  else  it  has  been  tried,  it  is  stated  to  have  been  successful 
here.  From  a  solution  worth  $4.00  gold  per  ton,  the  values  are 
said  to  have  been  reduced  in  six  hours  to  $0.07,  the  current  being 
of  70-80  amperes  at  5-7  volts.  The  paper  gives  full  drawings  of 
the  plant  and  interesting  details  as  to  the  method  of  working. 

Telluride  Ores  and  the  Treatment  of  Them.  By  T.  A.  Ricx- 
ARD.  Eng,  Min,  /.,  70,  93-94. — Considerable  diflSculty  has  been 
encountered  in  treating  the  telluride  unoxidized  gold  ores  of  the 
Great  Boulder  Main  Reef,  Kalgoorie,  Western  Australia.  They 
have  been  overcome  by  Skewes  and  Marriner  by  grinding  the 
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roasted  ores  in  pans,  previous  to  leaching  with  potassium  cyanide, 
and  allowing  the  tailings  to  run  over  amalgamated  copper  plates 
to  save  the  coarse  gold.  In  roasting  tellurides,  the  tellurous 
oxide  formed  combines  readily  with  ferric  oxide,  forming  tellurite 
of  iron  which  is  liable  to  coat  the  particles  of  gold  and  make 
them  non-amalgamable.  The  extraction  is  96  per  cent,  on  ores 
and  9^-98  per  cent,  on  tailings,  and  the  cost  of  treatment  $4.75  a 
ton. 

The  Real  Fuel  Ratio.  By  S.  C.  Jew^^t.  Foundry,  16,  208- 
209. — ^The  author  calls  attention  to  the  wrong  custom  of  judging 
the  work  of  a  cupola  solely  by  the  amount  of  fuel  that  is  con- 
sumed. He  shows,  e,  g, ,  how  different  the  temperature  of  the 
metal  must  be  when  a  few  heavy  castings  are  to  be  poured  from 
large  ladles  from  that  when  small  castings  are  made  from  small 
ladles.  In  the  former  case  the  metal  need  not  be  so  hot  as  in  the 
latter  and  the  cupola  will  require  less  fuel. 
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The  Relative  Values  of  the  Mttscherlich  and  HydrDfluoric 
Acid  riethods  for  the  Determination  of  Ferrous  iron.    By  W. 

F.  HiiXBBRAND  AND  H.  N.  Stokes.  /.  Am.  Chem.  Soc,  22, 
625-630. — In  the  presence  of  sulphides  the  Mitscherlich  method 
yields  high  results  as  a  consequence  of  the  oxidation  of  these 
compounds  at  the  expense  of  the  sulphuric  acid  used  for  decom- 
position, or  at  the  expense  of  ferric  compounds  present.  The 
error  from  this  source  seems  to  be  negligible  under  the  conditions 
of  the  hydrofluoric  acid  procedure,  unless  the  proportion  of  pyrite 
in  the  mineral  is  very  large. 

Estimation  of  Pyrrhotite  in  Pyrite  Ores.  By  P.  B.  Carpen- 
ter, y.  Am.  Chem,  Soc,  22,  634-637. — Determinations  are 
made  of  total  sulphur  and  of  silicon  by  the  usual  methods.  A 
portion  of  the  ore  is  treated  with  concentrated  hydrochloric  add, 
water,  and  alcohol,  then  dried  at  100°,  and  weighed.  This  weight, 
less  that  of  the  silica,  is  assumed  to  represent  FeS,.  After  de- 
ducting the  sulphur  corresponding  to  this  PeS,  from  the  total  sul- 
phur, the  pyrrhotite  (Fe^Sg)  corresponding  to  the  residual  sul- 
phur is  calculated. 

On  the  Determination  of  Phosphoric  Acid  as  Phosphomolyb- 
die  Anhydride.  By  H.  Sherman  and  Henry  St.  John  Hyde. 
/.  Am.  Chem.  Soc.,  22,  652-658. — ^A  neutral  solution  of  ammo- 
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nium  molybdate  is  added,  drop  by  drop,  to  the  nitric  acid  solution 
of  the  phosphate  (of  definite  acidity),  the  temperature  being 
maintained  at  50°.  The  precipitate  is  filtered  on  a  Gooch  cru- 
cible, which,  after  the  washing  of  the  precipitate,  is  placed  in  a 
nickel  crucible  and  the  latter  is  heated  to  dull  redness  for  fifteen 
minutes.  The  residue  is  P,05.24MoOj.  The  procedure  appears 
not  to  be  influenced  by  the  presence  of  the  salts  commonly  occur- 
ring in  the  course  of  phosphate  analyses,  with  the  possible  excep- 
tion of  ammonium  chloride. 

A  New  Volumetric  flethod  for  the  Estimation  of  Copper. 

By  S.  W.  Parr.  /.  Am.  Chem,  Soc,  22,  685-689. — The  cop- 
per-bearing material  is  dissolved  in  nitric  acid  in  slight  excess, 
the  copper  is  reduced  by  sulphurous  acid  and  precipitated  by 
potassium  thiocyanate.  The  cuprous  thiocyanate  is  filtered  on 
an  asbestos  felt,  which,  with  the  precipitate,  is  treated  with 
sodium  hydroxide  and  standard  potassium  permanganate  solution 
until  the  yellow  of  the  solution  gives  place  to  a  brown  or  green. 
Dilute  sulphuric  acid  is  then  added  in  excess,  and  the  titration 
completed  to  the  usual  end-point,  with  permanganate.  There- 
action  is 

loCuCNS  +  HKMnO,  +  2iH,SO,  = 

7K,S0,  +  i4MnS0,  +  loHCN  +  loCuSO,  +  i6H,0. 

A  iletliod  of  Determining  Free  Allcali  in  Soaps.     By  R.  £. 

DrviNB.  /.  Am,  Chem,  Sac,  22,  693-695. — The  soap  is  treated 
with  an  excess  of  stearic  acid  in  alcoholic  solution,  and  the  excess 
is  measured  by  standard  alkali  solution.  The  amount  of  the  acid 
neutraliJed  by  the  soap  is  taken  as  a  measure  of  the  total  free 
alkali.  Another  portion  is  treated  with  alcohol,  this  solution 
mixed  with  one  of  barium  chloride,  and  titrated  with  stearic  acid, 
and  the  amount  thus  used  is  taken  as  a  measure  of  the  free  caustic 
alkali.     The  carbonate  is  determined  by  difference. 

Free  Arsenious  Oxide  in  Paris  Green.  By  E.  W.  Hilgard. 
J,  Am,  Chem.  Soc,  22,  690-693. — ^The  importance  of  a  micro- 
scopical examination  is  urged,  and  the  author  points  out  what,  in 
his  opinion,  are  the  weak  points  in  the  procedure  adopted,  nota- 
bly by  Eastern  experiment  stations,  for  the  detection  of  arse- 
nious oxide  in  Paris  green. 

Note:   Tlie  Analysis  of  Arsenical  Insecticides.     By  j.   K. 

Haywood.  J,  Am.  Chem.  Soc,  22,  705-706. — The  author  finds 
that  some  copper  oxide  passes  into  solution  when  i  gram  of  Paris 
green  is  treated  with  500  cc.  of  water.  He  concludes  that  the  Paris 
green  is  partially  decomposed.  Compare  preceding  abstract  and 
this  Rev,,  6,  149. 
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Determination  of  Carbon  in  Perrodirome.  By  A.  A.  Bi^air. 
J.  Am.  Chem,  Soc,  22*  719-723. — An  apparatus  is  described  for 
the  decomposition  of  the  ferrochrome  by  means  of  add  sulphate, 
and  the  treatment  of  the  products  of  the  reaction.  Reference 
should  be  made  to  the  drawings  with  the  original  article. 

Tlie  Separation  of  Tungsten  Trioxide  from  noiylxlenum 
Trioxide.  By  Max  J.  Ruegenberg  and  Edgar  F.  Smith.  /. 
Am.  Chem.  Soc,  22,  772-773. — The  separation  is  made  by  means 
of  sulphuric  acid  of  a  specific  gravity  of  i  .378,  in  which  the  tungs- 
ten trioxide  is  insoluble.  The  presence  of  considerable  quanti- 
ties of  iron  do  not  affect  the  solubility  of  the  tungsten  oxide. 

A  rietliod  for  tlie  Rapid  Determination  of  CarlK>n  in  Steel. 

By  Robert  Job  and  Chari^ks  T.  Davies.  /.  Am.  Chem.  Soc, 
22,  791-797. — The  authors  have  studied  the  methods  for  the 
determination  of  carbon  with  the  idea  of  still  further  reducing 
the  apparatus  and  procedure  to  the  simplest  form  consistent  with 
accuracy.  Reference  should  be  made  to  the  cuts  and  details  in 
the  original  paper. 

Determination  of  Iron  in  ilagnetite  Ore  by  tlie  Specific 
Gravity  Test.  By  Joseph  W.  Richards.  /.  Am.  Chem.  Soc, 
22,  797-798. — Magnetite  ores  which  are  mixtures  of  magnetite 
and  quartz  can  be  examined  (using  relatively  large  weights)  by  the 
aid  of  a  gravity  balance  with  a  resulting  maximum  error  of  o.  i 
and  often  only  0.02  or  0.03  in  the  gravity  as  determined,  corre- 
sponding to  variations  of  i  to  3  per  cent,  in  iron.  A  table  is 
appended  showing  percentages  of  iron  for  gravities  from  2.66  to 
5.18. 

irregular  Distribution  of  Sulpliur  in  Pig  Iron.  By  Ran- 
DOi<PH  BoLLiNG.  /.  Am.  Chem.  Soc,  22,  798-799. — In  the 
opinion  of  the  author,  the  sample  pig  should  be  drilled  entirely 
through  for  the  determination  of  sulphur,  owing  to  varying  dis- 
tribution of  that  element  throughout  the  casting. 

Aluminum  as  an  Electrode.  By  George  J.  Hough.  /. 
Am.  Chem.  Soc,  20,  302-303. — The  author  finds  that  aluminum 
can  be  substituted  for  platinum  as  the  cathode  in  copper  deter- 
minations. 

Silica  and  insoluble  Residue  in  Portland  Cement.    By  P.  W. 

Shimer.  J.  Am.  Chem.  Soc,  21,  289-291. — If  the  cement  is  de- 
composed by  acids,  and  the  residue,  after  dehydration,  is  ignited 
and  weighed  but  not  treated  with  hydrofluoric  acid,  the  percent- 
age results  may  be  materially  too  high  with  cements  which  have 
not  been  properly  compounded  and  burned.  The  difference  be- 
tween the  percentages  found  by  this  procedure  and  those  found 
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after  fusion  of  the  cement,  are,  in  general,  an  index  of  the  care 
used  in  its  manufacture. 

Separation  of  iletallic  Sulphides  by  fleans  of  Hydrocliloric 
Acid.  By  J.  Bird  Moykr.  /.  Am.  Chem.  Soc,  21,  642-645. — 
The  following  separations  were  accomplished  by  heating  the  sul- 
phides in  an  atmosphere  of  hydrochloric  acid  :  lead  from  arsenic, 
lead  from  antimony,  lead  from  bismuth,  cadmium  ftom  arsenic, 
silver  from  arsenic. 

p.  J.'MooRB,  Rbvibwbr. 

Qomparative  Accuracy  of  Titrimetric  and  Gasometric  Metli- 
ods  of  Estimating  Hydrogen  Dioxide  in  Presence  of  Various 
Preservative  Agents.  By  Cari.  E.  Smith.  Am.J.Pharm.y 
70,  225-234. — The  author  tests  four  methods  for  the  determina- 
tion of  hydrogen  peroxide :  ( i )  direct  titration  of  the  solution 
with  permanganate  in  acid  solution  ;  (2)  application  of  the  same 
reaction,  measuring  the  liberated  oxygen  ;  (3)  oxidation  with 
sodium  hypochlorite  and  measurement  of  the  gas  evolved  ;  (4) 
oxidation  with  potassium  chlorate  in  the  presence  of  potassium 
iodide,  and  titration  of  the  liberated  iodine  by  means  of  thiosul- 
phate  solution.  He  finds  the  first  method  accurate,  but  not  ap- 
plicable in  the  presence  of  organic  preservatives  like  glycerine. 
The  last  method  is  recommended  in  all  such  cases.  The  author 
does  not  favor  either  of  the  gasometric  methods. 

A  New  Volumetric  flethod  for  the  Determination  of  Silver. 

By  I^AUNCBi/yr  W.  Andrbws.  Am.  Chem.  /.,  24,  256-266. — In 
Pisano's  method  for  the  determination  of  silver,  a  solution  of 
starch  iodide  is  run  into  the  silver  solution  in  the  presence  of  sus- 
pended calcium  carbonate.  The  author  finds  that  strict  propor- 
tionality does  not  exist  between  the  amount  of  silver  present  and 
the  iodine  used.  Addition  of  the  starch  iodide  to  an  acid  solu- 
tion makes  this  discrepancy  greater  and  does  not  yield  a  satisfac- 
tory end- point.  It  is  believed  that  the  following  reaction  takes 
place  in  the  solution  :  AgNO,  +  I,  —  Agl  +  INO,.  The  exist- 
ence of  the  compound  INO,  is  assumed  to  explain  the  behavior  of 
the  solution  during  titration,  as  it  shows  marked  oxidizing  prop- 
erties. It  is  found  that  if  a  little  of  a  ferrous  salt  or  nitrous  acid 
is  added  to  the  solution,  much  better  results  are  obtained.  The 
ferrous  solution  does  not  act  upon  the  starch  iodide  provided  an 
equivalent  amount  of  ferric  iron  is  also  present.  With  these 
changes  the  method  yields  a  satisfactory  end-point,  and  is  es- 
pecially recommended  for  the  determination  of  small  amounts  of 
silver,  though  a  correction  for  dilution  is  necessary.  The  author 
suggests  the  use  of  a  starch  iodide  solution  for  all  uses  to  which 
a  standard  iodine  solution  is  usually  put,  claiming  that  it  is  more 
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permanent  and  that  it  does  away  with  the  necessity  of  frequently 
preparing  a  starch  indicator.  Full  directions  for  the  preparation 
of  such  a  solution  are  given. 

A  New  Method  for  the  Determination  of  Aluminium.    By 

E.  T.  Ai,i.EN  AND  V.  H.  G0TTSCHAI.K.  Am,  Chem.  /.,  24,  292- 
304. — Few  precipitates  offer  so  many  inconveniences  in  manipu- 
lation as  aluminum  hydroxide,  especially  when  it  is  free  from 
iron.  The  gelatinous  precipitate  settles  slowly,  clogs  the  filter, 
is  difficult  to  wash,  and  is  apt  to  run  through  the  filter.  These 
considerations  led  the  authors  to  look  for  an  insoluble  com- 
pound of  aluminum  which  should  be  cr^^stalline.  Such  a 
compound  was  found  in  the  basic  carbonate.  This  is  easy 
to  filter  and  entirely  insoluble.  Unfortunately  it  holds  back 
a  certain  amount  of  fixed  alkali,  which  cannot  be  removed 
by  washing.  This  renders  its  direct  weighing  impracticable. 
It  was  found,  however,  that  this  compound,  on  being  boiled 
with  water,  reverts  to  the  hydrate,  and  that  the  hydroxide 
thus  formed  was  much  easier  to  filter  and  wash  than  that  pre- 
pared in  the  ordinary  way.  Upon  these  facts  the  authors  base  a 
method  which  may  be  outlined  as  follows  :  The  solution  contain- 
ing aluminum  is  nearly  neutralized  with  ammonia.  A  stick  of 
potash  whose  silica  content  is  known  is  then  dissolved  in  water, 
and  the  solution  cautiously  run  in  from  a  burette  until  the  pre- 
cipitate first  formed  redissolves,  a  large  excess  being  undesirable. 
This  solution  is  then  precipitated  with  a  current  of  carbon  dioxide, 
and  the  precipitate  is  filtered  and  washed.  The  filter  is  pierced 
and  the  precipitate  washed  back  into  the  beaker  in  which  the 
original  precipitation  was  made  and  boiled  two  or  three  minutes 
with  water  containing  ammonium  salts,  then  again  filtered, 
washed,  ignited,  and  weighed  in  the  usual  manner.  The  authors 
claim  a  considerable  gain  in  time  over  the  ordinary  method.  The 
presence  of  iron  does  not  affect  the  results.  The  fact  that  the 
method  is  inapplicable  in  the  presence  of  the  alkaline  earth  metals 
must  seriously  limit  its  usefulness. 

On  the  Separation  of  Nickel  and  Cobalt  by  Hydrochloric 
Acid.  By  Franks  Stuart  Havens.  Am,  /.  Sci.,  156,  396- 
398.  Pineriia  {Gazz.  chim.  ital.,  27,  56)  has  recently  published 
a  method  for  separating  nickel  and  cobalt,  based  upon  the  fact 
that  cobalt  chloride  is  soluble  in  ether  which  has  been  saturated 
with  hydrochloric  acid,  while  nickel  chloride  is  insoluble.  The 
author  has  repeated  this  work  and  finds  that  under  the  conditions 
stated  by  Pinerua  the  nickel  chloride  is  not  entirely  insoluble. 
By  reducing  the  amount  of  water  present  to  a  minimum  he  is 
able  to  avoid  this  difficulty,  but  even  then  the  process  is  avail- 
able for  separation  only  when  very  small  amounts  of  cobalt  are 
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concerned.  Larger  quantities  are  invariably  held  back  by  the  in- 
soluble nickel  chloride. 

The  Application  of  Iodine  in  the  Analysis  of  Allcalies  and 
Acids.  By  Claudk  F.  Walker  and  David  H.  M.  Gillespie. 
Am,  J.  Sci.,  156,  455-462. — Phelps  {this  Rev, ^  2,  67)  has  shown 
that  when  barium  hydroxide  is  boiled  with  an  excess  of  iodine, 
the  following  reaction  takes  place  : 

6Ba(0H),  +  12I  =  BalO,  +  5BaI,  +  6H,0. 

After  the  excess  of  iodine  has  been  boiled  off,  the  solution  is  acid- 
ified and  the  liberated  iodine  titrated  with  the  thiosulphate  solu- 
tion in  the  usual  way.  ^he  authors  find  that  the  same  method 
can  be  successfully  applied  to  potassium  hydroxide,  but  that  it 
is  not  applicable  in  the  case  of  sodium  carbonate.  They  modify 
the  method  of  Phelps  in  a  few  manipulatory  details. 

The  Action  of  Carbon  Dioxide  upon  Soluble  Borates.     By 

Louis  Cleveland  Jones.  Am,  J,  Sci,,  155,  442-446. — Morse 
and  Burton  {Am,  Chem,/.,  10,  154)  have  suggested  the  follow- 
ing method  for  the  determination  of  boric  acid  :  To  the  alcoholic 
solution  containing  the  boric  acid  a  known  excess  of  barium  hy- 
droxide is  added  over  and  above  what  is  necessary  to  form  barium 
metaborate.  Carbon  dioxide  is  then  passed  in  to  change  the  ex- 
cess of  barium  hydroxide  to  carbonate,  and  the  whole  evaporated 
to  dryness  and  ignited  to  constant  weight.  From  this  weight  the 
amount  of  boric  acid  can  be  obtained  by  an  indirect  calculation. 
The  success  of  this  method  depends  on  the  correctness  of  the  as- 
sumption that  only  the  barium  hydroxide  is  affected  by  the  car- 
bonic acid,  and  not  the  metaborate.  The  author  finds  that  this  is 
by  no  means  the  case.  On  the  contrary,  he  finds  that  it  is  possible, 
by  means  of  carbonic  acid,  to  decompose  practically  all  of  the 
barium  metaborate  and  volatilize  all  the  boric  acid  with  alcohol. 
He  finds  that  it  is  impossible  to  verify  the  results  of  Morse  and 
Burton  by  anj^  variation  of  procedure. 

A  Technical  Scheme  for  the  Rapid  Determination  of  Small 
Amounts  of  Copper  in  Chilled  Slags.  By  Charles  P.  Shelby. 
E7ig,  Min.  J,,  69,  708. — The  slag  is  dissolved  in  aqua  regia, 
evaporated  and  heated  to  dehydrate  silica.  After  re-solution  and 
removal  of  the  silica,  sodium  thiosulphate  is  added  to  reduce  the 
iron.  Boiling  with  a  little  metallic  zinc  now  precipitates  the  cop- 
per as  sulphide.  The  latter  is  filtered  off  and  determined  by  the 
cyanide  or  iodide  method. 

The  Rapid  Determination  of  Copper  and  Nickel  in  Sulphide 
Ores  and  Matte.  By  Titus  Ulke.  Eng,  Miji,  /.,  70,  303.— 
The  crushed  ore  is  treated  successively  with  hydrochloric  and 
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nitric  acids,  and  the  nitrates  formed  finally  dissolved  in  water 
and  the  solution  filtered.  A  little  more  nitric  acid  is  added  and 
the  copper  removed  by  electrolysis,  a  current  of  0.2  to  0.3  amp. 
being  used.  The  solution  is  now  oxidized  by  means  of  hydrogen 
peroxide,  and  the  iron  removed  by  three  precipitations  with  a 
large  excess  of  ammonia.  The  combined  filtrates  are  evaporated 
to  about  200  cc. ,  more  ammonia  added,  and  the  solution  electro- 
lyzed  hot  by  a  current  of  2  to  3  amp.  Iron  anodes  must  be  used, 
as  the  solution  attacks  platinum  and  the  deposited  nickel  then  be- 
comes contaminated  with  it. 

The  Titration  of  ilercury  by  Sodium  Thiosuiphate.     By 

John  T.  Norton,  Jr.  Am,  /.  Sci,,  160,  48-56. — Scherer 
(Lehrbuch  der  Chemie)  has  suggested  that  mercurous  nitrate, 
mercuric  nitrate,  and  mercuric  chloride  can  all  be  titrated  di- 
rectly by  means  of  sodium  thiosuiphate,  Hg,S,  2Hg,S,HgNO„ 
and  2Hg,S,HgCl  being  the  products  formed  in  each  case.  These 
methods  have  been  incorporated  by  Sutton  in  his  **  Volumetric 
Analysis.'*  According  to  his  statements,  satisfactory  results 
should  be  expected  with  each  of  these  methods  except  the  last. 
The  author  finds  all  three  very  unsatisfactory,  but  succeeds  in  get- 
ting good  results  by  maintaining  rigidly  certain  fixed  conditions 
of  temperature  and  dilution.  The  most  radical  of  his  modifica- 
don  is  the  use  of  an  excess  of  the  thiosuiphate,  the  excess  being 
determined  by  titration  with  iodine. 

The  Statement  of  Rock  Analyses.  By  Henry  S.  Washing- 
ton. Am,  J,  Sci.y  160, 59-63. — The  importance  to  petrographers 
of  a  uniform  order  in  the  statement  of  rock  analyses  is  empha- 
sized. It  is  suggested  that  the  following  order  be  observed  : 
SiO„  A1,0„  Fe,0„  FeO,  MgO,  Na,0,  K,0,  H,0  by  ignition,  H,0 
at  1 10^,  CO,,  TiO„  ZrO„  P^^  SO,,  CI,  F,  S  (FeS,),  Cr,0„  NiO, 
CoO,  MnO,  BaO,  SrO,  l,i,0. 

A  Rapid  rietliod  of  Determining  Lime  in  Blast  Furnace 
Slags.  By  Titus  UI.KB.  Eng,  Min.J,,  69,  164. — ^The  slag  is 
dissolved  in  nitric  acid.  After  removal  of  barium  by  means  of 
sulphuric  acid,  ammonia  is  cautiously  added  until  the  solution 
be<x)mes  dark  red,  but  not  enough  of  it  is  added  to  precipitate 
any  of  the  iron.  A  liberal  excess  of  solid  ammonium  oxalate  is 
now  added  and  the  solution  boiled.  The  precipitate  of  calcium 
oxalate  is  rapidly  filtered  and  washed,  and  finally  titrated  by  per- 
manganate. 

The  Colorimetric  Assays  of  Copper.  By  George  C.  Heath. 
Eng.  Min,  /.,  70,  364. — This  paper  consists  of  a  polemical  dis- 
cussion of  the  subject. 
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The  Analysis  of  Uranium  and  Vanadium  Ores.  By  Oliver 
P.  FritchlS.  Eng,  Min,  /.,  70,  548. — This  method  is  espe- 
cially applicable  to  the  analysis  of  the  mineral  camotite,  a  hydrous 
potassium  uranium  vanadate.  The  ore  is  treated  with  nitric 
acid,  and  the  solution  is  boiled  with  sodium  carbonate  and  an  excess 
of  20  per  cent,  sodium  hydroxide.  This  precipitates  the  iron  and 
uranium,  the  vanadium  being  held  in  solution  by  excess  of  alkali. 
The  precipitate  is  dissolved  in  nitric  acid  and  the  solution  heated 
with  ammonia  and  ammonium  carbonate.  This  precipitates  the 
iron,  which  is  filtered  off  and  eventually  titrated  with  perman- 
ganate.. The  uranium  solution  is  treated  with  sulphuric  acid 
and  evaporated  till  white  fumes  appear.  After  dilution  the  ura- 
nium is  reduced  by  the  addition  of  scraps  of  metallic  aluminum, 
and  the  solution  titrated  with  permanganate.  For  vanadium  it 
is  best  to  dissolve  another  sample  in  nitric  acid,  to  add  sulphuric 
acid,  expel  the  nitric  acid,  reduce  with  aluminum,  and  titrate 
uranium,  iron,  and  vanadium  together  by  permanganate.  The 
permanganate  required  for  the  iron  and  uranium  is  then  deducted. 

Note  on  tlie  Perrocyanide  Titration  of  Zinc.  By  Edward  H. 
MiLiyKR  AND  E.  J.  Hall.  School  Mifies  Quart,,  21,  267. — ^The 
authors  study  the  effect  of  the  presence  of  several  salts  upon  the 
results  of  this  method,  and  sum  up  their  results  as  follows  :  **  (i) 
The  amount  to  be  subtracted  as  shown  by  a  blank  test  is  often 
greater  than  the  excess  required  in  an  actual  titration.  (2)  Salts 
such  as  calcium  chloride,  and  sodium  citrate,  and  acids,  notably  hy- 
drochloric acid,  retard  the  end  reaction  by  their  solvent  action  on 
uranium  ferrocyanide.  (3)  Ammonium  chloride,  not  exceeding 
ten  grams,  does  not  interfere  with  the  accuracy  of  the  method,  but 
has  some  (unknown)  effect  on  the  zinc  ferrocyanide.  (4)  The 
presence  of  considerable  quantities  of  aluminum  siflphate,  such  as 
would  be  present  if  copper  were  removed  by  aluminum  foil,  ren- 
ders the  results  unreliable.  (5)  Six  cubic  centimeters  of  concen- 
trated hydrochloric  acid  is  sufficient  to  prevent  any  interference 
of  lead.  (6)  Antimony  gives  high  results,  while  small  amounts 
of  bismuth  have  no  influence.*' 

The  Analysis  of  Slags  and  Cinders.  Part  I :  L^ead  and  Cop- 
per Slags.  By  C.  H.  JotJET.  School  Mines  Quart.,  22,  64-74. — 
This  article  contains  a  detailed  scheme  for  the  determination  of 
those  constituents  of  slags  whose  estimation  is  required  in  prac- 
tical furnace  work.     Any  adequate  condensation  is  impracticable. 

The  Estimation  of  Copper  in  Ores  by  the  ilodified  Cyanide 
Process.  By  O.  H.  Packer.  Min.  Sci.  Press,  81,  312. — This 
article  makes  no  claim  to  originality.  It  gives  detailed  directions 
adapted  to  the  use  of  those  who  are  not  **  expert  chemists.*' 
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PROXIMATK  ANALYSIS. 
A.  G.  Woodman,  Rbvibwbr. 

The   Assay  of  Fluid   Extract  of  Belladonna.     By  W.    A. 

PuCKNER.  Pharm,  Rev.,  i6,  303-308. — In  adapting  Keller's 
method  for  the  assay  of  alkaloidal  drugs  to  the  assay  of  fluid  ex- 
tracts the  extract  is  either  dried  upon  sawdust  or  else  it  is  shaken 
with  a  definite  quantity  of  the  solvent  and  an  aliquot  portion  of 
the  latter  taken  for  the  further  assay.  The  first  method  is 
tedious,  and  in  the  second,  serious  error  may  be  introduced  in  the 
removal  of  the  aliquot  portion.  The  author  avoids  the  evapora- 
tion of  the  fluid  extract  and  extracts  the  alkaloid  from  the  entire 
quantity  of  fluid  used  by  repeated  extractions  of  the  ammoniacal 
solution  with  small  quantities  of  chloroform.  From  the  chloro- 
form it  is  extracted  by  successive  portions  of  one  per  cent,  hydro- 
chloric acid,  and  from  this  solution  it  is  again  removed  by  extrac- 
tion with  chloroform  and  ammonia.  The  solution  is  evaporated 
to  dryness  and  the  alkaloidal  content  of  the  residue  determined 
by  titration  with  twentieth-normal  acid. 

The  Assay  of  Belladonna  Leaves.  By  W.  A.  Pucknbr. 
Pharm,  Rev.,  16,  180-183. — Ten  grams  of  the  powdered  drug  are 
shaken  with  50  cc.  of  chloroform-ether  mixture  and  5  cc.  of  ten 
per  cent,  ammonia  water.  The  solution  is  subjected  to  percola- 
tion and  the  alkaloids  determined  volumetrically  by  means  of 
twentieth-normal  acid  as  in  the  method  in  ordinary  use. 

The  Quantitative  Estimation  of  Carvone  in  Volatile  Oils.  By 

F.  W.  Ai,DEN  AND  S.  Noi,TE.  Pharm.  Archives,  2,  81-91. — 
Since  several  ch^emists  have  reported  adversely  on  the  method 
proposed  for  the  estimation  of  carvone  as  carv^oxime,  the  pre- 
vious work  {Pharm.  Rev.,  14,  76)  was  repeated  and  the  condi- 
tions more  fully  studied.  The  conditions  were  widely  varied  and 
the  results  were  on  the  whole  satisfactory. 

On  the  Volumetric  Estimation  of  ilethyl  Salicylate.    By 

Edward  Kremers  and  Martha  M.  James.  Pharm.  Rev.,  16, 
130-133. — About  5  grams  of  methyl  salicylate  are  saponified  in 
sodium  hydroxide,  care  being  taken  to  use  at  least  7  mole- 
cules of  sodium  hydroxide  to  i  of  the  ester.  The  solution  is 
diluted  to  500  cc.  and  10  cc.  are  transferred  to  a  flask  and  heated 
to  about  60**.  An  excess  of  T^'^ormal  iodine  is  added,  the  flask 
shaken,  the  solution  cooled,  diluted  to  500  cc.,  and  filtered.  In 
an  aliquot  part  of  the  filtrate  the  excess  of  iodine  is  determined 
by  titration  with  j^^-normal  sodium  thiosulphate. 

The  Detection  of  Salicylic  Acid  in  Foods.  By  F.  A.  Genth, 
Jr.    /.   Franklin  Inst.,   145,  228-229. — A  number  of  preserves 
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have  been  tested  for  salicylic  add  by  "pulping"  with  phosphoric 
acid,  straining,  distilling,  and  testing  portions  of  the  distillate 
with  ferric  chloride.  In  a  number  of  cases  where  the  sample  was 
known  to  be  free  from  added  preservative  a  color  reaction  was 
obtained  similar  to  that  given  by  salicylic  acid.  The  color  in 
dilute  solutions  was  violet,  in  more  concentrated  solutions  red- 
dish. The  nature  of  the  distillate  and  of  the  process  is  being 
studied. 

Diastasimetry.  By  David  L.  Davoll.  Pharm,  Archives^  i, 
73~^5- — The  author  discusses  the  question  of  the  conversion  of 
starch  by  diastase  and  gives  the  results  of  a  study  of  diastasimetry 
based  upon  the  iodine  reaction,  in  which  both  the  kind  of  starch 
and  the  strength  of  the  iodine  solution  have  been  considered 
and  the  amount  of  reducing  substances  present  at  the  ''end- 
reaction'*  has  been  determined. 
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W.  O.  Crosby,  Rbvzbwbr. 

Granites  of  Southern  Rhode  Island  and  Connecticut  with 
Observations  on  Atlantic  Coast  Granites  in  General.     Bv  J.  P. 

Kemp.  BtdL  GeoL  Soc,  Am,,  10,  361-382. — All  the  granites  de- 
scribed are  biotite  granites,  muscovite,  though  present,  being  very 
subordinate  and  hornblende  failing  entirely.  The  following  types 
are  recognized  :Westerly  gray.  Westerly  red.  Stony  Creek  red,  Stony 
Creek  gray ,  and  Lyme  pink .  The  petrographic  descriptions  of  these 
types  and  of  the  contact  phenomena  and  basic  inclusions  as  well 
as  of  the  associated  aplite  and  pegmatite,  are  followed  by  a  dis- 
cussion of  the  chemical  composition  based  upon  six  analyses,  four 
of  which  are  new.  The  silica  is  quite  uniform,  varying  from 
68.40  to  73.05,  but  with  only  one  below  70  per  cent.  The  Rhode 
Island  granites  run  somewhat  higher  in  lime  than  the  Connecti- 
cut granites.  The  magnesia  is  very  low  in  nearly  every  case. 
The  soda  in  relation  to  the  potash  is  relatively  high  in  some  types 
and  low  in  others,  while  one,  the  red  granite  of  Stony  Creek, 
proves  to  be  one  of  the  purest  potash  granites  on  record.  The 
paper  closes  with  a  general  review  of  the  granites  of  the  Atlantic 
sea  board,  which  are  believed  to  belong  to  several  dilBferent  geo- 
logical periods  and  among  which  the  biotite  granites  largely  pre- 
dominate. 

Igneous  Complex  of  Magnet  Cove,  Arkansas.  By  Henry  S. 
Washington.  Bull.  GeoL  Soc.  Am.,  11,  389-416. — This  paper 
is  an  able  and  timely  review,  in  the  light  of  the  modem  ideas  of 
magmatic  differentiation,  of  the  limited  and  isolated  area  of  plu- 
tonic  rocks  so  carefully  mapped  and  described  by  J.  F.  Williams 
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ten  years  ago.  The  scope  of  the  paper  is  clearly  and  tersely  in- 
dicated in  the  author's  summary,  from  which  the  reviewer  quotes. 
The  structure  of  the  complex  is  briefly  described,  and  from  the 
evidence  of  its  broadly  elliptical  outline,  relations  to  surrounding 
shales,  the  presence  of  an  overlying  zone  of  metamorphosed  rocks, 
the  arrangement  and  serial  petrographical  and  chemical  charac- 
ters of  the  main  types,  together  with  other  minor  points,  it  is 
shown  that  the  igneous  complex  is  probably  a  laccolith,  and  cer- 
tainly a  unit  or  integral  mass  of  intruded  magma.  The  compo- 
nent abyssal  types  are  not  due  to  successive  injections  as  was  sug- 
gested by  WiUiams,  but  are  the  products  of  a  differentiation  in 
situ  of  the  originally  homogeneous  mass  of  intruded  magma 
( *  *  laccolithic  differentiation* '  of  Brogger ) .  The  main  rock  types 
are  briefly  described,  some  new  analyses  being  given  ;  and  they 
are  shown  to  form  a  regularly  graded  series,  ranging  from  foy- 
aite,  through  leudte-porphyry ,  shonkinitic  syenite,  normal  ijolite, 
and  biotite  ijolite  to  jacupirangite.  This  serial  and  common 
genetic  character  is  shown  both  mineralogically  and  chemically. 
It  is  probable  that  the  dikes  of  tinguaite  and  nepheline-porphyry 
are  aschistic  (undifferentiated  injections  of  the  still  fluid  differ- 
ential zones  into  the  surrounding  rocks),  while  those  of  the  mon- 
chiquitic  rocks  are  diaschistic  (products  of  a  still  further  differen- 
tiation of  these  zones) .  The  arrangement  of  the  abyssal  rocks  is 
abnormal  and  differs  radically  from  most  other  cases  of  differen- 
tiated masses,  in  that  there  is  progressive  increase  in  acidity 
toward  the  periphery,  the  analogous  case  at  Umptek  in  Kola  be- 
ing especially  mentioned.  An  explanation  of  this,  based  on  a 
process  of  fractional  crystallization  or  freezing  of  the  magma, 
which  is  regarded  as  a  solution,  the  solvent  crystallizing  first,  is 
given,  and  the  hypothesis  is  applied  to  other  cases.  It  is  sug- 
gested that  all  laccoliths  and  similar  masses  of  magma  may  be  re- 
ferred to  at  least  four  different  tjrpes,  dependent  on  the  chemical 
composition  of  the  magma  as  a  whole,  the  differences  between 
which  would  be  satisfactorily  accounted  for  by  the  hypothesis. 
In  the  opinion  of  the  reviewer,  the  explanation  of  this  contrast 
between  the  normal  centripetal  acidity  and  the  abnormal  centrif- 
ugal acidity  of  plutonic  masses  might  be  strengthened  and  sim- 
plified by  recognition  of  the  important  r61e  as  a  solvent  of  water, 
which,  so  far  as  known,  is  universally  present  in  magmas,  and  is 
the  one  important  constituent  which  never  freezes. 

Contact  Metamorphism  of  a  Basic  Igneous  Rock.  By  Ulys- 
ses Shbrman  Grant.  BtUL  Geol,  Soc.  Am,y  ii,  503-510. — 
The  rock  referred  to  is  the  Keweenawan  gabbro,  occupying  a 
roughly  crescentric  area  of  about  i  ,000  square  miles  in  the  north- 
east comer  of  Minnesota,  between  I^ake  Superior  and  the  Cana- 
dian boundary.     The  contact  phenomena  are  described  only  for 
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the  northwestern  border  of  the  gabbro,  which  the  author  regards 
as  probably  intrusive,  where  it  lies  upon  the  Archaean,  Keewa- 
tian  and,  especially,  the  quartzite,  iron-bearing  series,  carbona- 
ceous slate  and  gray wacke  slate  of  the  Animikie.  The  meta- 
morphism  is  very  noticeable,  and  consists  of  a  partial  or  complete 
recrystallization  of  the  adjacent  rocks.  Complete  recrystalliza- 
tion  is  the  rule  near  the  contact,  and  in  places  this  extends  500 
feet  from  the  contact ;  while  a  partial  recrystallization  is  at  times 
noticeable  for  two  or  three  times  this  distance  from  the  present 
margin  of  the  gabbro.  The  rather  normal  metamorphic  charac- 
ters of  the  slaty  members  of  the  Animikie  are  first  briefly  noticed, 
and  then  the  specially  interesting  contact  phenomena  of  the  iron- 
bearing  series  are  more  fully  described.  The  original  rock  is  regar- 
ded as  having  been  a  glauconitic  green  sand,  in  which  there  was  more 
or  less  iron  carbonate.  This  rock  has  been  widely  altered  by 
regional  metamorphism  to  a  quartz-magnetite-amphibole  slate 
commonly  known  as  actinolite  schist,  which  has  in  turn  been 
profoundly  changed  by  the  gabbro,  the  resulting  rock  being  a 
coarse-grained  aggregate  of  quartz,  magnetite,  olivine,  or  faya- 
lite,  hypersthene,  augite,  hornblende,  etc.  The  derivation  of  all 
these  minerals,  including  those  like  olivine,  augite,  and  hjrper- 
sthene,  which  are  characteristic  of  basic,  igneous  rocks,  and  rarely 
found  in  metamorphosed  sediments,  from  the  actinolite  schist,  is 
shown  to  be  possible  ;  and  the  proofs  that  this  contact  zone  really 
belongs  to  the  Animikie  and  not  to  the  gabbro  are  summarized. 
The  contact  phenomena  of  the  Keewatin  are  said  to  vary  greatly, 
with  biotite  as  a  prominent  feature.  In  the  Archaean,  the  acid 
rocks  or  granites  have  escaped  sensible  metamorphism,  while  the 
basic  rocks  or  greenstones,  including  gabbros,  diabases,  and  dio- 
rites,  have  been  profoundly  altered,  and  usually  in  a  way  to  make 
them  difficult  to  distinguish  from  the  gabbro  itself. 

A  Granite-Gneiss  Area  in  Central  Connecticut.  By  Lbwis 
G.  Westgate.  /.  GeoL,  7,  638-654. — This  is  purely  a  petro- 
graphic  paper,  describing  an  elliptical  area  of  gneissoid  granite  on 
the  Connecticut  river  east  of  Middletown.  The  phenomena  and 
inclusions  of  the  enclosing  schists  prove  the  granite  to  be  intru- 
sive, in  spite  of  the  marked  and  persistent  foliation.  It  assumes 
frequently  the  character  of  an  **  augen" -gneiss.  Basic  segrega- 
tions or  schlieren  of  dark  color  and  fine  grain  are  a  common  fea- 
ture, strengthening  the  proof  of  an  igneous  origin,  as  do  the  as- 
sociated dikes  of  pegmatite  and  the  contact  zone  of  granulite. 
The  component  minerals,  from  which  the  chemical  composition 
may  be  approximately  deduced,  are  chiefly  quartz,  various  feld- 
spars and  biotite,  the  feldspars  including  most  abundantly  ortho- 
clase  with  an  acid  plagioclase  and  subordinate  microcline.  The 
accessories  include  titanite  and  a  very  little  apatite  and  magne- 
tite.    In.  the  granulite,  garnet  is  the  chief  or  only  accessory. 
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SvL%zest\ons  Res^ardins:  the  Classification  of  tlie  is^neous 
Rocks.  By  Wii,i<iam  H.  Hobbs.  /.  GeoL,  8,  1-3 1. — After  no- 
ting the  importance  of  adapting  the  classification  to  the  needs  of 
the  field  geologist  as  well  as  the  petrologist,  the  bearing  of  recent 
petrographical  studies  on  rock  classification,  the  definition  of  a 
rock  as  an  object  rather  than  as  an  integral  part  of  the  earth's 
crust,  the  importance  of  texture  as  a  basis  of  classification,  the 
need  of  combining  chemica|  and  mineralogical  classifications  as  a 
basis  for  rock  classification  and  of  substituting  quantitative  for 
qualitative  analyses,  that  rock  relationships  should  be  indicated 
by  the  combination  of  names  into  a  binomial,  or,  if  necessary,  a 
polynomial  nomenclature,  the  author  introduces  graphical  meth- 
ods as  essential  to  a  comprehensive  study  of  rock  analyses.  The 
system  of  diagrams  proposed  by  Brogger  for  this  purpose  is  pre- 
ferred. In  these  are  set  oflF  on  radius  vectors  the  amounts  of  the 
eight  principal  chemical  constituents  reckoned  in  molecular  ratios, 
ferrous  and  ferric  iron  being  entered  upon  the  same  radius  vector, 
and  silica,  because  so  much  in  excess  of  the  others,  being  evenly 
divided  between  the  two  horizontal  radius  vectors.  A  broken 
line  joining  the  intercepts  on  the  eight  radius  vectors  forms  a 
polygon,  which  may  be  long  and  narrow,  or  short  and  thick,  con- 
vex above  or  below,  or  reentrant  in  any  portion,  left-  or  right- 
handed,  etc.,  according  to  the  chemical  constitution  of  the  rock. 
When  viewed  in  this  diagram  the  rock  comes  to  have  a  hand- 
writing by  which  it  may  be  instantly  recognized  ;  and  when  drawn 
to  scale  the  diagram  not  only  shows  the  chemical  character  of  the 
rock  but  all  the  results  of  analysis  may  be  read  from  it  numeric- 
ally. The  main  purpose  of  this  paper  is  to  adapt  the  Brogger 
diagram  to  represent,  not  merely  an  individual  analysis,  but  a  rock 
species  or  type  covering  a  considerable  range  of  differing  analy- 
ses. In  other  words,  composite  diagrams  are  proposed,  each  rep- 
resenting the  average  of  a  group  of  analyses.  Examples  are 
given  for  the  principal  t5rpes  of  plutonic  and  volcanic  rocks.  The 
possibilities  of  the  method  are  farther  illustrated  by  grouping  the 
diagrams  in  natural  series,  which  show  progressive  changes  in 
form  ;  and  also  by  introducing  a  composite  of  each  series.  The 
numerous  analyses  upon  which  the  diagrams  are  based  are  quoted 
in  tabular  form. 

The  Nomenclature  of  Feldspathic  Qranolites.     By  H.  W. 

Turner.  /.  Geol.,  8,  105-111. — Accepting  the  principle  that  the 
classification  of  granular  rocks,  if  not  of  lavas,  should  be  based 
on  mineral  composition,  the  author  notes  that  this  is  equivalent 
to  a  classification  based  on  molecular  composition,  in  so  far  as  the 
minerals  are  composed  each  of  one  kind  of  molecules.  But  plag- 
ioclase  is  an  exception,  since  it  is  composed  of  two  kinds  of  mole- 
cules in  ever  varying  proportions.     The  author  proposes  that  the 
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molecular  classification  be  applied  throughout ;  and  hence,  in  cal- 
culating the  composition  of  the  feldspathic  rocks  the  plagioclase 
should  be  resolved  into  the  constituent  albite  and  anorthite  mole- 
cules, and  the  name  plagioclase  should  not  be  used.  This  is  shown 
to  be  particularly  necessary  with  the  monzonites  and  diorites,  which 
contain  both  orthoclase  and  plagioclase,  since  the  plagioclase  may 
vary  from  a  basic  labradorite  to  an  acid  oligodase,  thus  giving 
rocks  which  could  not  properly  be  designated  by  the  same  name. 
It  is  suggested,  therefore,  that  if  we  subdivide  the  feldspathic 
rocks  on  the  basis  of  the  ratio  of  the  alkali-feldspar  molecules 
(Or  +  Ab)  to  the  lime-feldspar  molecules  (An)  the  true  mineral 
and  chemical  relations  of  the  rocks  will  be  brought  out  and  a 
better  classification  result.  A  graphic  illustration  is  given  in 
tables  showing  percentages  of  the  alkalies  and  lime  and  the  ratios 
of  Or  +  Ab  to  An  for  the  principal  feldspathic  types.  The  author 
further  suggests  the  use  of  mineralogical  terms  in  naming  grano- 
lites  of  simple  composition,  as  orthosite  for  a  rock  composed 
chiefly  of  orthoclase,  albitite,  for  one  composed  chiefly  of  albite, 
etc.  ;  the  names  of  other  essential  constituents  to  be  used  in  sub- 
stantive forms,  as  quartz-orthosite  or  granite,  and  of  accessory 
constituents  in  adjective  form,  as  quartziferous  syenite,  etc. 

The  Origin  of  Nitrates  in  Cavern  Eartlis.  By  Wii^liam  H. 
Hess.  /.  GeoL,  8,  129-134. — The  nitrates  are  not  derived  from 
the  excrement  of  bats,  as  popularly  supposed,  but  have  their 
origin  in  the  oxidation  or  nitrification  of  organic  matter  in  the 
surface  soil  through  the  agency  of  bacteria,  and  the  subsequent 
leaching  of  the  nitrates  so  formed  downward  into  caverns,  where 
they  slowly  accumulate  with  other  salts  as  the  water  escapes  by 
evaporation.  This  explanation  is  in  harmony  with  the  fact  that 
bats  penetrate  but  short  distances  from  the  entrance  to  a  cavern, 
while  the  distribution  of  the  nitrates  is  entirely  without  reference 
to  the  entrance,  the  cavern  earth  of  the  Mammoth  Cave  having 
been  worked  for  nitrates  for  a  distance  of  over  five  miles  from  the 
only  opening  to  the  surface.  Three  analyses  show  that  nitrates 
form  but  a  small  part  of  the  soluble  salts  of  the  cavern  earth, 
which  include  also  sulphates  and  chlorides,  and  may  aggregate 
as  much  as  13  per  cent.  The  general  conclusion  as  to  the  origin 
and  source  of  the  nitrates  is  sustained  by  a  comparison  of  analy- 
ses of  the  soluble  portions  of  (i)  subsoil  from  the  surface  above 
the  Mammoth  Cave,  (2)  cavern  earth  from  the  subjacent  part  of 
the  cave,  (3)  bat  guano,  and,  (4)  cavern  earth  immediately  below 
the  bat  guano.  A  comparison  of  bulk  analyses  of  bat  guano  and 
cavern  earth  follows  ;  and  it  is  suggested  that  the  calcium  phos- 
phate of  the  latter  cannot  be  referred  to  the  former,  since  the  in- 
solubility of  this  salt  makes  it  a  necessary  residuary  product  of 
the  solution  of  limestone.     Analyses  show  that  the  water  drip- 
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ping  from  the  roofs  of  caves  is  not  markedly  different  from  ordi- 
nary subdrainage  waters.  The  nitrates  and  other  soluble  salts 
accumulate  only  in  the  earths  of  relatively  dry  caverns,  or  where 
the  inflow  of  water  does  not  exceed  in  amount  the  water  removed 
by  evaporation  ;  and  numerous  analyses  show  that  all  dry  caves 
contain  nitrous  earths.  Nitrates  found  imder  overhanging  cliffs 
are  of  a  similar  origin — evaporation  of  water  which  has  percolated 
through  the  soil ;  and  essentially  the  same  explanation  will  fit  the 
case  where  nitrates  accumulate  on  the  surface  of  a  manure  heap, 
through  the  joint  action  of  capillary  attraction  and  evaporation. 

The  Calcareous  Concretions  of  Kettle  Point,  Lambton  County, 
Ontario.  By  Reginald  A.  Daly.  /.  GeoLy  8, 135-150. — Thecon- 
cretions  occur  in  a  horizontally  bedded,  fissile,  black,  bituminous 
shale  of  middle  Devonian  age.  They  are  approximately  spherical, 
one  to  three  feet  in  diameter,  and  possess  a  radial  crystalline  struc- 
ture. An  analysis  of  one  of  the  concretions  shows  88.42  per  cent, 
of  calcium  carbonate,  only  2.99  per  cent,  of  magnesium  carbonate, 
and  the  remainder  consists  of  iron  oxide,  insoluble  residue,  hydro- 
carbons, and  water.  The  most  remarkable  feature  is  the  mechan- 
ical displacement  and  deformation  of  the  enclosing  shales  which 
the  growth  of  the  concretions  has  involved.  The  pressure  or 
'  *  live  force'  *  of  the  growing  concretion  or  aggregate  of  spherically 
radiating  crystals  has  even  been  sufficient  to  induce  a  true  slaty 
cleavage  in  the  shale  at  some  points.  The  main  thesis  of  the 
author  is  to  demonstrate  that  this  great  centrifugal  pressure  is 
compatible  with  the  persistence  of  the  capillary  film  investing  the 
growing  crystal  or  concretion  and  without  which  its  continued 
growth  would  be  impossible.  The  explanation,  which,  it  would 
seem,  must  be  generally  accepted,  is  based  upon  the  experiments 
of  Jamin,  leading  to  the  conclusion  that  equilibrium  may  exist 
between  two  unequal  pressures  affecting  the  ends  of  a  capillary 
tube,  provided  a  column  of  liquid  occupying  the  tube  be  inter- 
rupted by  bubbles  of  air.  The  presence  of  the  latter  excites  cap- 
illary attraction  which  is  so  strong  as  to  take  up  several  atmos- 
pheres of  pressure  applied  at  one  end  of  the  tube.  The  force  so 
expended  is  represented  in  the  compression  of  the  air  bubbles, 
and  in  changing  the  form  of  the  air  menisci ;  surface  tension  is 
thus  overcome.  The  movement  of  the  bubbles  progressively 
decreases  in  the  direction  of  the  greater  pressure  until  one  is 
reached  which  is  not  disturbed  at  all  so  long  as  the  pressure 
remains  constant.  The  bubbles  act  like  so  many  buffers.  Any 
capillary  tube  filled  with  water  interrupted  by  any  insoluble  gas 
or  liquid  possessing  a  lower  surface  tension  than  water,  will 
exhibit  the  same  phenomenon. 

The  Granitic  Roclcs  of  the  Pilces  Peak  Quadrangle.    By 

Edward  B.  Mathkws.     /.  GeoL,  8,  214-240. — ^The  granites 
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are  regarded  as  of  late  Algonkian  age ;  and  four  types  are  recog- 
nized, differing  markedly  in  texture  but  agreeing  closely  in  min- 
eral and  chemical  composition.  They  are  t3rpical  biotite  granites, 
in  which  hornblende  rarely  occurs ;  and  a  mechanical  analysis  of 
the  coarse  Pikes  Peak  type  gave  :  quartz,  33.4  per  cent.;  micro- 
cline,  53.3  ;  biotite  and  all  minerals  with  specific  gravity  above 
3.0,  10.7  ;  and  oligoclase,  2.6 ;  total,  100.00.  The  petrographic 
descriptions  are  accompanied  by  tables  showing  for  the  different 
types  the  relative  abundance  of  the  sixteen  component  minerals, 
and  the  relative  size  and  development  of  the  three  essential  con- 
stituents. Strangely  enough,  fluorite,  which  occurs  in  three  of 
the  four  types  and  is  very  marked  in  the  Summit  type,  is  not 
mentioned  as  a  constituent  of  the  Cripple  Creek  t3rpe,  notwith- 
standing its  prominence  as  a  feature  of  the  Cripple  Creek  ore 
deposits.  Another  table  gives  the  chemical  composition  of  all 
but  the  Cripple  Creek  type,  in  four  of  Hillebrand's  complete  and 
careful  anadyses,  with  determinations  of  seventeen  constituents. 
When  the  individual  analyses  and  their  average  are  reduced  to 
molecular  proportions  and  compared  with  analyses  of  other  gran- 
ites, the  Pikes  Peak  granites  are  seen  to  be  exceptionally  rich  in 
silica  and  potassium,  as  well  as  in  fluorine ;  and  the  family  like- 
ness of  these  types  suggests  their  origin  in  a  common  magma  rela- 
tively rich  in  the  elements  named.  Although  this  tends  to  make 
the  relative  ages  of  the  types  of  little  moment,  it  may  be  noted 
that  on  page  223  the  Pikes  Peak  type  fe  described  as  clearly  the 
oldest ;  while  on  page  228  this  distinction  is  assigned  to  the  Sum- 
mit type.  The  reviewer's  observations  in  this  field  suggest  the 
advisability  of  regarding  the  Pikes  Peak  type  as  the  normal  gran- 
ite of  the  batholite  ;  the  Summit  type  and  the  Cripple  Creek  t5rpes 
as  representing  a  once-continuous  contact  zone  of  the  batholite  in 
which  the  remnants  of  the  Algonkian  cover  now  chiefly  occur  ; 
and  the  fine-grained  type,  which  occurs  only  as  dikes  in  the  other 
types,  representing  residual  magma  intrusive  in  shrinkage  and 
other  cracks.  According  to  this  view  the  contact-zone  types  are 
the  oldest  and  the  fine-grained  or  dike  t3rpes  the  youngest,  while 
the  Pikes  Peak  or  normal  type  is  intermediate,  having  solidified 
after  the  contact  zone  by  which  it  is  covered  and  before  the  dikes 
by  which  both  it  and  the  contact  zone  are  intersected.  As  might 
be  expected,  the  gneissoid  phase  is  chiefly  characteristic  of  the 
outer  or  border  portions  of  the  massif. 

Igneous  Rock-Series  and  Mixed  Rocks.  By  Alfred  Harkbr. 
/.  GeoL^  8,  389-399. — A  rock-series  is  defined  as  an  assemblage 
of  rock-types,  with  a  certain  community  of  characters,  associated 
in  the  same  district,  belonging  to  the  same  suite  of  eruptions  and 
holding  a  similar  position  in  the  scheme  of  igneous  rocks  belong- 
ing to  that  suite.     Recording  to  the  differentiation  hypothesis, 
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they  are  derivatives  of  the  same  order  from  one  common  source, 
resulting  from  differentiation  along  similar  lines  and  to  the  same 
degree.  The  fundamental  characteristics  of  such  a  series,  having 
regard  to  chemical  composition,  are  of  two  kinds:  (i)  Those 
belonging  to  the  individual  rock- types  and  shared  by  all  the  types 
included  in  the  series ;  and  (2)  those  belonging  to  liie  assemblage 
of  types  as  a  whole,  depending  upon  variations  in  the  composition 
of  the  .members  as  compared  with  one  another.  These  charac- 
teristics admit  of  very  clear  graphic  presentation.  For  this  pur- 
pose the  method  of  two  equal  rectangular  coordinates  first  used 
by  Iddings  is  recommended,  silica  being  referred  to  one  axis  and 
bases  to  the  other  ;  and  the  resulting  curves  are  briefly  discussed. 
The  origin  of  igneous  rocks  by  admixture  rather  than  by  diflFeren- 
tiation  is  next  considered,  and  three  principal  cases  are  distin- 
guished :  (i)  Mixture  of  two  fluid  magmas  ;  (2)  permeation  of  a 
solid  rock  by  a  fluid  magma;  and  (3)  inclusion  of  rock  frag- 
ments in  a  fluid  magma.  The  second  and  third  cases  are  practi- 
cally limited  to  igneous  rocks  of  cognate  origin  ;  and  the  distinc- 
tion of  the  included  and  permeated  rocks  or  xenoUths  as  accidental 
and  cognate  is  regarded  as  important,  the  latter  only  yielding  by 
their  absorption  new  rocks  of  any  considerable  extent  or  import- 
ance. Several  cases  are  considered,  including  the  admixture  of 
two  rocks  of  the  same  rock-series,  and  the  solution  by  a  mag^a 
of  extraneous  quartz,  and  of  limestone.  The  admixture  of  the 
extreme  types  of  a  serifcs  will  not,  in  general,  give  exactly  any 
of  the  intermediate  types.  The  rock  analyses  of  Clarke  and  Hille- 
brand  are  cited  in  illustration  of  this  principle  ;  and  it  is  pointed 
out  that  mixtures,  even  of  two  normal  igneous  rocks  and  still 
more  of  an  igneous  and  a  sedimentary  rock,  must  often  be  abnor- 
mal in  chemical  composition.  The  relations  of  the  chemical  com- 
position of  the  magma  and  of  foreign  admixtures  to  the  minera- 
logical  composition  are  also  considered. 

A  Contribution  to  the  Natural  History  of  Marl.  By  Charlbs 
A.  Davis.  /.  GeoL^  8,  485-497.  This  valuable  contribution  to 
the  chemistry  of  marl  is  based  upon  observations  made  in  certain 
small  lakes  in  Michigan  ;  but  the  principles  which  it  embodies 
undoubtedly  admit  of  general  application.  The  marl  is  nearly 
pure  carbonate  of  lime,  the  source  of  which  is  to  be  sought  in  the 
solution  by  meteoric  waters  of  limestones  or  other  calcareous 
strata,  the  drift  of  limestone  districts  and,  more  remotely,  the 
carbonation  of  lime-bearing  silicates.  The  real  problem  is  the 
deposition  of  this  dissolved  carbonate  of  lime  in  the  form  of  white, 
chalky  marl,  which  consists  only  to  a  small  extent  of  shells  or 
fragments  of  shells.  After  pointing  out  the  inadequacy  of  animal 
life,  evaporation  and  escape  of  carbon  dioxide  on  relief  of  pres- 
sure, as  causes  of  the  precipitation  of  the  carbonate  of  lime,  the 
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author  discusses  at  length  the  only  alternative  hypothesis,  namely, 
that  the  calcium  salts  are  precipitated  through  the  agency  of 
plant  life.  In  the  marly  lakes  aquatic  plants  of  all  kinds  become 
incrusted  with  calcium  carbonate,  which  is  not  a  true  secretion  of 
the  plants,  for  it  is  purely  external,  and  the  same  species  in  other 
districts  are  not  incrusted.  The  deposit  is  formed  incidentally 
by  chemical  precipitation  upon  the  surface  of  the  plants,  probably 
only  upon  the  green  parts,  and  in  performance  of  normal  and 
usual  processes  of  the  plant  organism.  All  green  plants  inhale 
carbon  dioxide  and  exhale  oxygen ;  and  these  are  two  possible 
causes  of  the  calcareous  incrustation.  If  the  calcium  carbonate 
is  in  excess  in  the  water,  and  is  held  in  solution  by  carbon  dioxide, 
then  the  absorption  of  the  latter  by  the  plants  causes  precipitation 
of  the  carbonate  upon  the  parts  (stems  and  leaves)  abstracting 
the  gas.  But  if  the  proportion  of  calcium  carbonate  in  solution 
is  so  small  that  it  would  not  be  deposited  even  if  there  were  no 
carbon  dioxide  present,  the  precipitation  is  explained  by  the  action 
of  the  oxygen  set  free  by  the  living  plants  in  converting  calcium 
bicarbonate  to  monocarbonate :  CaHj(CO,),  +  O  =  H^O  +  CaCO,+ 
C0,  +  0.  . 

Plants  vary  greatly  in  their  power  of  precipitating  the  calcium 
carbonate  ;  and  the  algae,  and  especially  the  Characes  or  Stone- 
worts,  are  most  efficient.  Analyses  are  given  showing  that  plants 
may  precipitate  mineral  matter  equal  to  several  or  many  times  the 
weight  of  their  own  dried  tissues,  that  this  mineral  matter  con- 
sists of  CaCOj,  93.76  ;  MgCO,,  2.93  ;  SiO,,  2.40  ;  Fe^O,  and 
AljOg,  0.89  per  cent.  It  is  shown  that  the  structure  and  distri- 
bution of  the  marl  are  entirely  in  harmony  with  the  view  that  a 
species  of  Chara  is  an  important  agent  in  its  formation  ;  but  it  is 
recognized  that  a  species  of  Zonotrichia  has  also  played  an  impor- 
tant part,  explaining,  especially,  the  more  solid  and  nodular  forms 
of  the  marl. 

A  Remarkable  flarl  Lake.  By  Charles  A.  Davis.  /.  GeoL, 
8,  498-503. — This  paper  supplements  the  preceding,  describing 
the  truly  impressive  deposit  of  marl  in  Littlefield  Lake,  Isabella 
County,  Michigan,  and  showing  that  it  is  unquestionably  due  to 
the  precipitating  agency  of  Chara  and  Zonotrichia,  chiefly  through 
the  exhalation  of  oxygen. 

The  Composition  of  Kulaite.  By  Henry  S.  Washington. 
/.  Geol.,  8,  610-620. — Kulaite  is  the  name  given  by  the  author 
several  years  ago  to  a  subgroup  of  the  basalts  in  which  horn- 
blende occurs  as  an  essential  constituent  and  surpassing  augite  in 
quantity  and  importance.  The  original  analysis  by  Rohrig 
showed,  for  basalts,  abnormally  high  soda,  as  well  as  very  high 
alumina  and  low  magnesia.     There  seemed  to  be  no  mineral  pres- 
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ent  which  would  account  for  the  high  alkalies,  and  to  determine 
this  and  other  points  two  new  analyses  were  undertaken,  one  of 
normal  kulaite,  and  the  other  of  a  leudte  kulaite.  The  first 
showed,  in  comparison  with  Rohrig's  analysis,  about  2  per  cent, 
more  Fe,0,  and  as  much  less  K,0  ;  and  the  second  differed  rather 
widely  except  for  the  MgO,  CaO,  and  A1,0,.  It  is  surprising  to 
find  that  all  these  differences  are  regarded  as  probably  due  to  the 
different  analytical  methods  used.  The  normal  and  leucite  kula- 
ites  are  found  to  agree  closely  except  in  the  minor  constituents 
TiO,  and  P^Oj ;  and  the  author  next  considers  the  place  in  the 
classification  indicated  by  this  composition.  The  alkalies  and 
alumina  are  shown  to  be  too  high  for  a  true  basalt ;  and  for  these 
reasons  and  also  because  of  the  higher  SiO,  and  the  lower  iron 
oxides,  MgO  and  CaO,  they  cannot  be  referred  to  the  subgroup 
of  homBlende  basalts.  They  are,  in  fact,  properly  leucocratic, 
while  the  hornblende  basalts  are  melanocratic  ;  and  the  closest 
analogues  of  the  Kala  rocks  are  to  be  found  among  the  nepheline- 
tephrites  and  the  nepheline-basanites,  notwithstanding  that  many 
of  these  are  markedly  lower  in  SiO,,  Al,Os,  and  Na,0.  A  resem- 
t>lanceto  the  monchiquites  is  also  noted,  the  main  difference  being 
the  higher  H,0  content  of  the  latter.  Except  in  the  glassy  vari- 
eties, the  essential  hornblende  has  been  partially  or  entirely 
altered  to  hypersthene,  diopside  and  magnetite.  The  component 
minerals  are  calculated  from  the  analyses,  and  nepheline,  the 
presence  of  which  was  indicated  by  the  gelatinizatipn  and  fuchsine 
tests,  is  fully  confirmed.  Certain  anomalies  of  the  mineral  com- 
position, such  as  a  large  proportion  of  orthoclase  in  the  more  basic 
type,  and  of  leucite  in  the  type  running  highest  in  SiO,  and  low- 
est in  K,0,  are  explained  by  reference  to  difference  in  pressure 
and  rate  of  cooling  ;  and  the  author  favors  basing  the  classifica- 
tion of  this  and  other  rocks  directly  upon  the  chemical  compo- 
sition. 

Classification  of  igneous  Rocks  According  to  Composition. 

By  J.  E.  Spurr.  Am,  GeoLy  25,  210-234. — ^The  system  of 
classification  proposed  here  is  an  outgrowth  of  a  study  of  a  series 
of  rocks  collected  by  the  author  in  Alaska.  The  system  is  pre- 
sented in  outline  and  elaborated  only  for  the  feldspar  rocks.  The 
principles  upon  which  it  is  founded  are,  in  the  order  of  impor- 
tance :  (i)  Mineralogy,  (2)  structure,  (3)  chemical  equiva- 
lence. The  feldspar  rocks  are  divided,  according  to  the  nature  of 
their  feldspars,  into  three  families,  the  first  or  granitic  family 
characterized  by  alkali  feldspars,  with  63  to  68  per  cent,  of  silica, 
the  second  or  dioritic  family  by  oligoclase-andesine  feldspars  with 
56-63  per  cent,  of  silica,  and  third  or  diabasic  family  by  labrado- 
rite-anorthite  feldspars,  with  48-56  per  cent,  of  silica.  The  mon- 
zonitic  family  is  intermediate  between  the  granitic  and  dioritic 
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families,  and  the  belugitic,  similarly,  between  the  dioritic  and 
diabasic.  The  determination  of  the  feldspars  being  indispensable, 
the  principal  methods  are  discussed.  After  the  feldspars  other 
minerals  are  considered,  first  qualitatively  and  then  quantitatively. 
The  ferromagnesian  minerals,  with  the  exception  of  olivine,  are 
reckoned  together.  They  occur  throughout  the  rock  series  with- 
out excluding  one  another.  The  predominance  of  one  ferromag- 
nesian constituent  over  the  others  is  recognized  in  the  division  of 
the  groups,  or  in  the  species,  the  latter  being  designated  by  wri- 
ting the  characteristic  ferromagnesian  silicate  before  the  name  of 
the  group.  The  same  principle  carried  further  gives  the  varieties 
under  the  species.  The  mineralogic  class,  family,  group,  species, 
and  variety  being  thus  established,  the  type,  which  is  the  actual 
designation  of  any  given  specimen  is  determined  by  the  structure, 
which  may  be  (i)  granular  hypidiomorphic  or  allotriomorphic, 
(2)  panidiomorphic,  (3)  porphyritic  (phenocrysts  in  a  coarsely 
holo-crystalline  groundmass),  (4)  porphyritic  (phenocrysts  in  a 
micro-  or  cryptocrystalline  or  glassy  groundmass),  (5)  wholly 
glassy.  The  granular  structure  is  regarded  as  most  normal,  and 
the  granular  types  receive  the  same  general  names  as  in  the  min- 
eralogic classification.  To  these  names  are  added,  for  the  second 
type,  the  word  apHte  and  for  the  third  type  the  name  porphyry  ; 
while  for  the  fourth  type,  which  includes  the  volcanics,  the 
accepted  names  of  the  lavas— rhyolite,  trachyte,  etc.,  are  used  ; 
and  for  wholly  glassy  rocks  the  word  glass  is  appended  to  these 
names.  Age  and  geological  occurrence  are  rejected  as  classifica- 
tory  criteria;  and  after  suggesting  that  the  members  of  compound 
or  polynomial  rock  names  should  be  printed  in  different  kinds  of 
type,  in  order  to  indicate  clearly  the  value  of  each,  the  author 
discusses  at  some  length  the  general  principles  of  rock  classifica- 
tion, summarizing  the  views  of  other  petrographers.  The  divi- 
sion of  the  feldspars  into  three  main  groups,  instead  of  two  (ortho- 
clase  and  plagioclase)  is  shown  to  be  more  symmetrical  as  regards 
the  silica  ratio  and  other  chemical  relations.  The  paper  con- 
cludes with  an  illustration  in  tabular  form  of  the  proposed  system 
as  applied  to  the  igneous  feldspar  rocks  of  Alaska. 

nineralogical  and  Petrographic  Study  of  the  Qabbroid  Rocks 
of  ninnesota,  and  /lore  Particularly  of  the  Plagioclasites.    By 

Ai^xANDER  N.  WiNCHELL.  Am,  GeoL.T^^  151-188,107-245, 
262-306,  348-388. — This  is  a  monographic  study  of  basic  igneous 
rocks  covering  an  area  of  nearly  3,000  square  miles  in 
the  northeast  corner  of  Minnesota.  The  author  accepts  at  the 
outset  the  conclusion  of  the  state  geologist,  N.  H.  Winchell,  that 
the  gabbros  are  not  of  deep-seated  eruptive  origin  but  have  been 
derived  from  the  fusion  of  the  great  greenstone  formation  of  the 
Lake  Superior  Archaean.    The  green  stone  is  primarily  of  igneous 
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origin,  including  both  massive  and  clastic  forms ;  and  it  is 
regarded  as  the  oldest  known  terrane  of  the  earth's  crust,  from 
which  all  the  later  formations  of  the  region  have  been  derived  by 
refusion,  the  varied  processes  of  metamorphism,  and  sedimenta- 
tion. Stratigraphically,  the  gabbroid  rocks  are  referred  to,  or 
constitute,  the  lower  or  Cabotian  division  of  the  Keweenawan, 
having  originated  in  a  great  refusion  of  the  Archaean  greenstone 
at  the  close  of  Animikie  time.  The  magma  thus  resulting  con- 
solidating at  considerable  depth  produced  gabbros  of  varying  com- 
position ;  consolidating  in  intruded  laccolites  and  dikes  it  produced 
diabases ;  and  finally  as  a  surface  rock  it  produced  lavas  and 
tufEs.  The  effusive  rocks  are  not  included  in  this  study,  which 
is  limited  to  the  following  nine  types  :  (i)  Olivine  gabbros,  (2) 
normal  diabase,  (3)  olivine  diabase,  (4)  plagioclasite,  (5)  trocto- 
lite,  (6)  orthoclase  gabbros,  (7)  cordieritenorite,  (8)  quartz  gab- 
bro,  (9)  silicoferrolite.  Each  type  is  described  in  great  detail, 
and  numerous  chemical  analyses,  partly  original  but  chiefly  quoted, 
show  the  composition  of  the  rocks  and  their  principal  component 
minerals.  The  normal  central  type  of  this  gabbro  family  is  the 
olivine  gabbro,  from  which  the  other  types  have  been  derived  by 
variations  due  to  (i)  conditions  of  solidification,  (2)  magmatic 
segregation,  (3)  contact  with  other  rocks  and  consequent  absorp- 
tion of  foreign  elements.  These  causes  of  variation  are  discussed 
at  length,  and  the  conclusion  reached  that  to  the  first  are  due  the 
normal  diabase  and  olivine  diabase,  to  the  second  the  troctolite 
and  plagioclasite,  and  to  the  third  the  cordierite  norite,  through 
the  digestion  of  aluminous  sediment,  the  quartz  gabbro,  through 
the  digestion  of  silicious  schists  or  quartzites,  and  the  orthoclase 
gabbro  through  the  digestion  of  a  potassic  rock  ;  and,  finally, 
the  silico-ferrolite  is  believed  to  represent  a  sedimentary  rock 
entirely  recrystallized  under  the  exomorphic  actions  of  the  gabbro 
rather  than  an  integral  part  of  the  latter.  In  the  section  on  com- 
parative mineralogy,  the  mode  of  occurrence  of  each  one  of  the 
forty- two  component  minerals  is  considered,  nearly  one-half  of 
the  species  being  regarded  as  primary  constituents.  The  con- 
cluding section  on  the  comparative  chemical  composition  dis- 
cusses, first,  the  methods  of  analysis,  second,  the  results  of  analy- 
sis, calculated  and  tabulated  to  express  various  molecular  and 
atomic  relations,  and,  third,  the  application  of  the  different 
methods  of  graphic  representation  to  the  chemical  composition  of 
igneous  rocks. 

Notes  on  the  Qeology  and  Petrography  of  Monhegan  Island, 
Maine.  By  E.  C.  E.  Lord.  Am,  GeoL,  26,  329-347. — ^The 
predominant  rock  of  Monhegan  is  a  coarse-grained,  olivne-norite, 
composed  in  the  order  of  abundance  of  plagioclase  50-90  per 
cent.) I  olivine,  hypersthene,  magnetite,  diallage,  and  hornblende. 
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Fluctuations  in  the  relative  proportions  of  the  ferromagnesian 
constituents  give  rise  to  the  subordinate  types  :  troctolite,  norite, 
olivine  gabbro,  and  gabbro  proper.  These  t5^s  represent  slight 
phasal  diflFerences  in  the  noritic  magma  which  pass  by  gradual 
transition  into  hornblende-gabbro  and  gabbro-diorite.  The  con- 
tinuity of  these  rocks  is  interrupted  by  coarse-grained  segrega- 
tions or  schlieren  and  a  series  of  acid  and  basic  dikes.  The  petro- 
graphic  descriptions  are  accompanied  by  analyses  of  the  olivine- 
norite,  hornblende-gabbro,  gabbro-diorite,  labradorfels,  gabbro- 
pyroxenites,  and  of  the  plagioclase  (identified  as  bytownite)  and 
diopside.  The  dikes  include  an  earlier  basic  series  and  later  acid 
series.  The  former  are  allied  geologically  and  mineralogically  to 
the  basic  plutonics  which  they  intersect  and  to  which,  apparently, 
they  are  restricted,  while  the  latter  consist  of  granitic  and  aplitic 
types  belonging  to  a  later  period  of  eruption  and  in  no  way  con- 
nected genetically  with  the  Monhegan  mass.  The  acid  dikes, 
composed  chiefly  of  albite>quartz>muscovite>orthoclase>gar- 
net>apatite>magnetite,  vary  in  .texture  from  a  fine-grained  soda 
aplite  to  a  coarse  granular  pegmatitic  granite.  The  analysis  of 
the  aplite  agrees  very  closely  with  that  of  a  soda-granulite  from 
California.  The  basic  dikes  are  of  special  interest,  as  they  may  be 
taken  to  represent  products  of  deep-seated  differentiation  peculiar 
to  the  norite  magma.  They  vary  between  a  hypersthene- gabbro 
(beerbachite  or  aplitic  gabbro)  and  a  gabbro-diorite  (malchite  or 
aplitic  diorite).  Olivine,  the  prevailing  ferromagnesian  constit- 
uent of  the  norite,  is  wanting  in  the  dikes.  An  analysis  is  given 
for  each  type,  showing  that  they  are  essentially  identical  in  com- 
position ;  and  the  mean  of  these  analyses  agrees  very  closely  with 
the  mean  for  the  hornblende-gabbro  and  gabbro-diorite,  from 
which  we  must  infer  that  the  dikes  represent  a  textural  more  than 
a  chemical  differentiation  of  the  magma,  and  that  their  intrusion 
was  subsequent  to  the  differentiation  of  these  plutonics  from  the 
olivine-norite. 

Some  Contact  Phenomena  of  the  Palisade  Diabase.  By  John 
DuER  Irving.  School  Mines  Quart,,  20,  213-223. — This  paper, 
which,  after  noting  the  gradation  in  texture,  density,  and  min- 
eral composition  between  the  central  and  peripheral  portions  of 
this  great  trap  sheet,  is  based  chiefly  upon  the  exposures  of  the 
upper  and  lower  contacts  afforded  by  the  new  tunnel  of  the  New 
York,  Susquehanna  and  Western  Railroad,  confirms  in  the  main 
the  work  of  Andreae  and  Osann,  who,  in  1892,  studied  the  lower 
contact  only  as  exposed  by  the  West  Shore  Railroad.  The  earlier 
work  recognized  four  metamorphic  phases  of  the  Triassic  shale  and 
sandstone,  as  follows:  (i)  Normal  hornf  els ;  {2)  the  same  rich 
in  tourmaline  ;  (3)  altered  arkose  containing  green  hornblende  ; 
(4)  lime-silicate  homfels.     To  these  Irving  adds  five  others,  three 
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from  the  lower  contact :  (i)  Normal  homfels  rich  in  spinel ;  (2) 
lime-silicate  homfels  containing  brown  hornblende  ;  (3)  normal 
hornfels  containing  **augen'*  and  green  hornblende;  and  two 
from  the  upper  contact :  (4,5)  Hornfels  and  arkose  homfels  con- 
taining richly  scattered  crystals  of  andalusite.  Bach  type  is  de- 
scribed in  detail,  and  the  evidence  is  shown  to  strongly  support 
the  intrusive  origin  of  the  diabase,  the  andalusite  and  the  fact 
that  the  homstone  a  hundred  feet  above  the  upper  contact  is 
baked  as  hard  as  any  below  the  sheet,  being  especially  conclusive 
in  this  regard.  Another  contact  ty^  is  believed  to  be  a  leucite 
hornfels,  although  the  analysis  shows  it  to  be  too  high  in  alumina 
and  soda,  and  much  too  low  in  potash  for  a  pure  leucite,  the  dis- 
crepancy being  attributed  to  interstitial  matter.  Leucite  has  not 
been  previously  described  as  a  contact  mineral. 

A  Brief  Review  of  the  Titaniferous  flas^netites.     By  J.  P. 

Kemp.  School  Mines  Quart. ^  20,  323-356  ;  ai,  56-65. — ^The 
known  deposits  of  magnetic  iron  ore  may  be  conveniently  classi- 
fied into  two  groups  on  the  basis  of  chemical  composition :  the 
titaniferous  and  the  non-titaniferous.  This  grouping  not  only 
corresponds  to  the  chemical  composition,  but  also  to  the  geologi- 
cal relations  and  to  the  present  utilization  and  non-utilization. 
Among  the  magnetic  ores  the  non-titaniferous  are  to-day  the  only 
ones  mined  and  smelted,  and  even  their  productiveness  has  de- 
creased notably  in  recent  years,  because  of  the  great  influx  of 
cheap  and  easily  reduced  hematites  from  Lake  Superior.  The 
Cornwall  banks  in  Pennsylvania  are  almost  the  only  large  Amer- 
ican magnetite  mines  now  in  active  operation.  The  geological 
relations  of  the  non-titaniferous  ores  are  variable,  and,  in  one 
place  and  another,  they  have  resulted  from  v^ry  different  origi- 
nals and  by  strongly  contrasted  processes,  but  if  titaniferous  iron 
sands  are  omitted,  the  massive  titaniferous  ore-bodies  may  be  said 
to  be  closely  allied  in  character  and  origin  wherever  they  have 
been  studied.  With  one  or  two  exceptions  the  titaniferous  mag- 
netites are  associated,  so  far  as  known,  with  rocks  of  the  gabbro 
family  and  furnish  a  distinct  type  of  ore  body,  that  is  singularly 
uniform  the  world  over.  They  constitute,  in  most  cases,  large 
irregular  masses  in  the  midst  of  intrusions  of  igneous  rode  and 
seem  to  have  been  produced  by  the  segregation  of  fairly  pure 
titaniferous  iron  oxide,  either  before  or  during  the  process  of 
cooling  and  consolidation.  In  less  common  instances  the  entire 
mass  of  the  dike  or  stock  is  so  enriched  with  the  iron-bearing 
mineral  as  practically  to  be  considered  an  ore.  Although  the  ores 
are  not  at  present  the  objects  of  active  mining,  yet  the  quantity 
is  so  large  and  the  iron  afforded  has  such  pectiiar  advantages  of 
its  own,  doubtless  owing  to  certain  chemical  elements  generally 
present  in  the  ore,  that  it  seems  improbable  that  they  wiU  long  go 


Geological  and  Mineralogical  Chemistry,  55 

without  utilization.  The  wall-rocks,  referred  to  as  belonging  to 
the  gabbro  family,  form  an  extended  series  including  anorthosite, 
true  gabbro,  norite,  diabase,  and  peridotite.  To  them  must  be 
added  the  Brazilian  nepheline-plagioclase  rock  and  the  nepheline- 
syenite  at  Alno,  Sweden.  In  their  mineralogical  composition  the 
ores  involve  both  ilmenite  and  titaniferous  magnetite.  The  lat- 
ter may  be  strongly  magnetic  while  high  in  TiOj.  The  strong 
magnetism  of  some  titaniferous  magnetites  shows  the  improba- 
bility of  removing  the  titanium  by  magnetic  concentration.  In 
most  cases,  while  the  iron  is  increased  in  the  concentrates  by  the 
elimination  of  the  ferro-magnesian  silicates,  the  titanium  is  also 
increased.  In  their  chemical  composition  the  ores  are  character- 
istic and  marked.  As  a  rule,  but  not  invariably,  phosphorus  and 
sulphur  are  notably  low  or  entirely  absent.  Vanadium,  chro- 
mium, nickel,  and  cobalt  are  almost  always  present,  and  they 
may  together  amount  to  ^veral  per  cent.  Magnesia  and  alumina 
are  often  far  in  excess  of  what  would  be  required  for  silicates,  and 
then  they  are  doubtless  combined  with  more  or  less  iron  in  spinels. 
Lime  is  of  course  involved  in  the  presence  of  the  pyroxenes  and 
related  minerals  and  manganese  is  often,  but  not  invariably,  at 
hand.  This  paper  consists,  after  the  brief  introduction,  of  sum- 
mary descriptions,  in  geographic  sequence,  of  the  chief  deposits 
of  titaniferous  magnetite  now  known.  The  descriptions  are  ac- 
companied by  analyse^  to  the  number  of  more  than  one  hundred 
and  seventy,  which  illustrate  for  each  region  the  range  in  compo- 
sition. This  work  is  thus  a  complete  resume,  and  the  citations 
place  the  reader  in  command  of  the  literature. 

The  Origin  of  Kaolin.  By  Heinrich  Ries.  Trans,  Am. 
Ceramic  Sac,  2,  Feb.,  1900. — Kaolin  is  defined  as  any  residual 
clay  sufficiently  free  from  iron  to  burn  to  a  white  or  nearly  white 
color,  and  derives  kaolin  from  feldspathic  minerals,  in  part 
through  the  agency  of  carbon  dioxide  and  the  ordinary  weather- 
ing processes  (shallow  deposits)  and  in  part,  as  suggested  by  von 
Buch  and  Daubre^,  through  the  agency  of  ascending  acid  vapors, 
including  chiefly  hydrofluoric  acid  (deep  deposits) .  Collins'  ex- 
periment and  analyses  are  cited  in  support  of  the  latter  explana- 
tion, but  all  the  economic  deposits  of  the  United  States  are  re- 
ferred to  the  former.  Kaolins  containing  undecomposed  mica 
cannot  be  referred  to  the  fluoric  type.  The  practicability  of  cor- 
relating rational  analyses  of  kaolin  with  the  original  minerals  and 
the  method  of  derivation  is  also  considered. 
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The  nines  and  flill  of  the  Atacama  flineral  Company,  Ltd., 
Taltaly  Chili.  ByS.  H.  Loram.  Trans.  Am,  Inst.  Min,  Eng.^ 
29,  488-502. — The  gold  occurs  here  in  very  finely  divided  parti- 
cles in  compact  quartz  and  in  fissures  in  the  quartz  in  the  form  of 
spangles  upon  crystals  of  bai*yte  and  quartz.  The  ore  averages 
$41.68  per  ton  ;  ores  assaying  under  $14.00  per  ton  do  not  pay  for 
treatment.  There  are  about  15  per  cent,  concentrates;  some  ores 
contain  scorodite  (hydrous  ferric  arsenate).  The  method  of 
treating  is  pan-amalgamation,  separation  of  sulphurets,  and  cya- 
niding  of  tailings.  The  ore  is  broken  in  a  crusher  to  ^-inch 
size  and  pulverized  dry  in  a  Gruson  ball  mill  to  pass  an  8o-mesh 
screen  made  of  phosphor-bronze.  A  No.  4  mill  is  charged  with 
1320  lbs.  of  steel  balls  ;  it  makes  25  revolutions  per  minute, 
requires  1 1  horse  power,  and  treats  6|  tons  in  24  hours.  The 
wear  of  steel  from  plates  and  balls  is^5.69  lbs.  per  ton  of  ore. 
The  amalgamating  pans  (22  in  number)  are  5  feet  in  diameter 
and  3  feet  deep  ;  they  are  lined  to  within  6  inches  from  top  and 
bottom  with  amalgamated  copper  plates,  and  have  4  discharge 
holes  in  the  sides  ;  of  these  the  lowest  is  just  below  the  bottom, 
(a  channel  in  the  casting  leading  to  it),  the  next  is  8  inches, 
higher,  and  the  other  two  are  equally  spaced.  A  pan  is  charged 
with  88  lbs.  mercury,  1 100  lbs.  ore,  and  enough  sea  water  to  make 
a  thick  pulp,  the  charge  being  a  little  over  i  foot  deep.  The 
amalgamation  lasts  about  three  hours,  the  muller  making  48  revo- 
lutions per  minute  ;  caustic  soda  is  added  if  ores  containing  scoro- 
dite are  treated.  The  pan  is  now  filled  with  water  and  the  amal- 
gam settled  for  one  hour.  The  sands  are  discharged  through  the 
holes  in  the  sides  and  enter  an  agitator  (a  pan  5  feet  in  diameter 
and  5  feet  deep,  lined  with  copper  plates')  from  the  bottom  and 
overflow  at  the  top.  One  agitator  serves  8  pans.  From  the  agi- 
tator the  sands  are  run  into  a  spitzkasten  which  takes  out  the 
concentrates  while  the  overflow  passes  over  a  blanket  (8  feet  long) 
into  a  sump  whence  a  centrifugal -pump  delivers  it  to  the  tailings- 
heaps,  where  the  sands  settle,  while  most  of  the  fine  slimes  run 
off  to  sea.  The  concentrates,  assaying  about  $14.00  per  ton,  are 
weathered  and  returned  to  the  pan.  A  pan  is  cleaned  up  once  a 
week,  when  the  copper  plates  are  dressed,  and  the  agitator  once 
a  month.  The  tailings  average  $5.66  per  ton  representing  an 
extraction  of  86.5  per  cent.  The  bulhon  contains  516  parts  gold 
and  358  parts  silver  in  a  thousand.  The  cyanide  plant  contains 
6  leaching  vats  (18  feet  in  diameter,  6  feet,  6  inches  deep),  and 
3  zinc  boxes  (10  feet,  9  inches  long,  2  feet  wide,  i  foot,  5  inches 
deep) ,  having  8  compartments.  A  vat  is  charged  with  45  tons 
tailings  to  which  have  been  added  225  lbs.  of  lime.     The  ore  is 
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first  washed  for  twelve  hours  with  10  tons  of  water  containing  0.05 
per  cent,  caustic  soda  and  0.0 1  per  cent,  potassium  cyanide;  the 
solution  is  drained  oflF,  passing  through  the  zinc  boxes.  It  is  fol- 
lowed by  a  strong  cyanide  solution  (0.3  per  cent.)  percolating  for 
four  hours,  then  come  10  tons  of  weak  solution  (o.i  per  cent.)  and 
lastly  5  tons  of  wash- water,  the  last  of  which,  when  drained  off, 
contains  o.oi  per  cent,  cyanide.  The  tailings  are  discharged  by 
sluicing.  A  zinc  box  is  charged  with  70  lbs.  of  shavings  and  the 
solution  passes  through  it  at  the  rate  of  3.3  gallons  per  minute. 
The  solutions  upon  entering  the  boxes  contain  in  100,000  parts, 
0.28  (caustic  wash),  0.80  (strong solution),  and  0.25  (weak  wash) 
part  gold,  and  upon  leaving,  they  retain  o.  i  part  gold.  The  boxes 
are  cleaned  up  once  in  ten  days.  The  precipitate,  containing 
about  29  per  cent,  mercury,  is  pressed  and  retorted  ;  the  retort 
gold  is  melted  with  borax  soda,  and  sand  giving  ingots  assaying 
gold  19,  silver  21,  copper  59,  and  zinc  i  percent.  The  consump- 
tion of  cyanide  is  i  lb.  per  ton  of  tailings  ;  the  leached  tailings 
assay  $6.37  representing  an  extraction  of  80  per  cent. 

The  Purchase  of  Zinc  Ores  in  the  Joplin  District.  By  W.  G. 
Waring.  Eng,  Mm,  /.,  70,  38-39. — In  the  European  zinc 
centers  the  ores  are  bought  and  sold  upon  an  assay  basis,  the 
valuation  being  made  according  to  certain  formulae  which  custom 
has  established  as  being  fair  to  buyer  and  seller.  In  the  Joplin 
district  the  ores  have  been,  until  about  1898,  purchased  exclu- 
sively by  agents  who,  judging  the  blende  concentrates  by  their 
general  appearance,  made  their  offers  and  took  the  risks.  This 
one-sided  arrangement  became  unsatisfactory  to  miners,  and  at 
present  blende  ores  are  bought  on  a  fairer  basis  than  the  mere 
judgment  of  the  buyer.  The  purchasing  formula  now  in  vogue 
is  V  =  WQ  —  (E  +  P)  in  which  V  =  value  of  ore  at  mine,  sub- 
ject to  deductions  for  lead  (50  cents  for  each  unit)  and  iron  ($1.00 
for  each  unit  above  i  per  cent. ) ,  W  =  80  per  cent,  of  the  number 
of  pounds  of  metallic  zinc  contained  in  a  net  ton  of  dry  ore,  Q  == 
the  St.  Louis  spelter  quotation  per  pound  at  time  of  purchase, 
E  =  cost  of  treatment  including  freight,  expense  ($10.50),  P  = 
smelter  profit.  This  is  =  100  Q  with  ore  running  over  60  per 
cent,  zinc,  with  under  60 per  cent.  itis  =  100Q  +  (loQX  60 — A), 
the  assay  in  per  cent.  Jig  concentrates  contain  1-4  per  cent, 
water  when  shipped,  coarse  huddle  or  sludge-headings  10-12  per 
cent. ;  when  fine,  12-17  per  cent.  Carbonate  ores  are  still  bought 
and  sold  in  the  old  way. — An  investigation  of  the  losses  of  zinc 
in  smelting  made  at  one  plant  showed  that  i  part  of  lime  in 
blendic  ore  entailed  a  loss  of  2  parts  of  zinc.  The  author  found 
that  one  part  of  lime  present  in  the  ore  as  carbonate  would  retain 
in  roasting  0.4-0.7  part  sulphur. 

The  Sadtler  Process  for  Treatins^  Zinc-Bearing:  Ores.  By 
THE  Editor.    Eng.  Min.  /.,  70,  368-369. — Zinc  ores  containing 
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over  5  per  cent,  iron  cannot  be  satisfactorily  distilled  in  the  usual 
fire-clay  retort,  as  the  iron  corrodes  the  clay,  forming  a  slag  which 
also  scorifies  zinc.  In  this  process  the  retort  receives  a  basic 
lining  not  readily  attacked  by  iron  or  lead.  In  a  trial-test  with  a 
furnace  containing  30  retorts,  oxidized  ores  were  treated  contain- 
ing Fe,  16-30.5;  Pb,  1. 5-12. 89;  SiO„  2-9;  Zn,  16.5-37.5  per 
cent;  Ag,  5-17  ozs.,  and  Au,  trace.  The  loss  in  retorts  was  a 
small  fraction  of  i  per  cent,  as  against  3  per  cent,  in  Missouri, 
where  blende  concentrates  with  3  per  cent,  iron  are  treated.  The 
precious  metals  remained  in  the  residue  (which  also  retained 
4.2-8.5  per  cent,  zinc)  and  served  as  a  basic  flux  for  the  lead 
blast-furnace;  the  zinc  (yield  70-84  per  cent.)  contained  0.52- 
1.12  per  cent,  of  lead,  and  0.06-0.12  per  cent,  of  iron.  It  is 
believed  that  with  a  large  furnace  and  regular  work  the  yield  in 
zinc  will  be  85  per  cent.  A  carload  of  zinc  shipped  to  a  lead- 
desilverizing  plant  did  as  good  work  as  the  Missouri  spelter.  To 
the  regular  cost  of  roasting  and  distilling  of  blende  there  will  have 
to  be  added  from  8  to  12  cents  for  the  lining  of  each  retort,  which 
is,  however  more  than  made  up  by  the  longer  life  of  the  lined 
retort. 

Aluminum-riagnesium  Alloys.  By  R.  H.  Thurston.  Sci- 
encCy  II,  783-784. — In  view  of  the  appearance  in  the  technical 
literature  of  publications  on  aluminum-magnesium  alloys  {e,  g, , 
Mach's  **  Magnalium  "),  the  author  calls  attention  to  his  investi- 
gation published  in  1893.  Magnesium  has  a  breaking  strength 
of  22,250  lbs.  per  square  inch  ;  the  elastic  limit  is  8,870  lbs.,  the 
elongation,  2.8  per  cent,  and  the  modulus  of  elasticity,  1,945,000. 
The  following  table  gives  the  data  on  aluminum-magnesium 
alloys : 


Breaking  strength 

Per  cent. 

Mg. 

Sp.gr. 

llM.  per  aq.  in. 

0 

2.67 

13.685 

2 

2.62 

15,440 

5 

2.59 

17,850 

10 

2.55 

19,680 

30 

2.29 

5,000 

Biastic  Umit 

Modulus  of 

lbs.  per  aq.  in. 

eUstidty. 

4,900 

1,690,000 

8,700 

2,650,000 

13,090 

2,917,000 

14,600 

•  •  •  • 

2,650,000 

The  addition  of  magnesium  to  aluminum  reduces  the  elasticity 
steadily  with  the  increase  of  magnesium  ;  the  alloy  \  magnesium, 
f  aluminum  is  as  brittle  as  glass.  The  author  believes  that  the 
addition  of  small  amounts  of  magnesium  to  aluminum  will  make 
useful  alloys. 

Reminiscences  of  tlie  Early  Antliracite  iron  Industry.     By 

S.  Thomas.     Trans.  Am,  Inst,  Min,  Eng,,  29,  901-928. 

Tlie  Reiative  I>esulpliurizing  Effect  of  Lime  and  ilagnesia  in 
tlie  Iron  Biast-Fumace.    By  O.  R.  Foster.     Trans,  Am,  Inst. 
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Min,  Eng.y  29,  562-568. — The  paper  is  a  record  of  experiments 
made  in  brasqued  crucibles  heated  in  a  furnace  using  illuminating 
gas  and  forced  blast,  the  highest  temperature  obtained  being 
1 1 550°  C.,  as  measured  by  the  Le  Chatelier  pyrometer.  The 
materials  used  were  Swedish  wrought  iron  (carburized  in  a  graphite 
crucible,  sulphurized  with  iron  sulphides  and  siliconized  with  car- 
borundum), chemically  pure  lime,  magnesia  and  silica.  The  re- 
sults indicate  in  a  general  way  that  sometimes  lime  is  the  better 
desulphurizer,  sometimes  magnesia. 

Experiments  with  Titaniferous  Ores.'  By  A.  J.  Rossi.  Eng, 
Min.  /.,  70,  544. — The  author  desires  to  place  on  record  the  fact 
that  he  has  succeeded  in  producing  on  a  working  scale  some  20 
tons  of  ferro-titanium  and  promises  details  regarding  the  process 
and  the  product  later  on. 

The  Effect  of  Heat-Treatment  upon  the  Physical  Properties 
and  the  Microstructure  of  Steel.  By  R.  G.  Morse.  Trans,  Am, 
Inst,  Min,  Eng,,  29,  729-751. — The  basis  of  the  experiments  was 
a  steel  of  the  composition  C,  0.343  I  Si,  0.027  ;  Mn,  0.221  ;  P, 
0.0266  ;  S,  0.0037.  ^^^s  I  ft.  long  were  heated  to  temperatures 
varying  from  500°  C.  to  1300*^  C  ;  they  were  kept  more  or  less 
time  at  these  temperatures,  then  allowed  to  cool  slowly,  and  the 
critical  point,  ar^,  determined.  They  were  tested  for  tensile 
strength  and  elastic  limit  and  finally  examined  microscopically. 
The  paper  is  accompanied  by  two  diagrams  and  twenty-six  micro- 
graphs. 

The  Relative  Corrosion  of  Wrought  Iron,  Soft  Steel,  and 
Nickel  Steel.  By  H.  M.  Howe.  International  Congress, 
Methods  of  Testing  Materials  of  Construction,  through  Eng, 
Min,  J,,  70,  188. — ^The  paper  gives  the  loss  of  weight  of  many 
plates  of  wrought  iron,  soft  steel,  and  nickel  steel  (3  and  25  per 
cent.  Ni)  when  exposed  to  sea  water,  to  river  water,  and  to  the 
weather  for  two  periods  of  about  one  year  each.  The  inferences 
drawn  from  the  results  are  :  ( i )  *  *  that  the  difference  in  the  rate 
of  corrosion  between  wrought  iron  and  soft  steel  is  rarely  enough 
to  be  of  great  moment  except,  perhaps,  in  marine  boilers,  and  (2) 
that  the  ratio  of  the  corrosion  of  given  soft  steel  to  that  of  given 
wrought  iron  may  vary  greatly  with  the  conditions  of  exposure." 
Wrought  iron  consists  of  ferrite  containing  mechanically  inter- 
mixed some  cinder  in  the  form  of  flakes ;  soft  steel,  free  from 
scales,  contains  cementite.  Scale  and  cementite,  resisting  oxida- 
tion, mechanically  protect  the  ferrite,  and  having  a  different 
potential  than  ferrite,  may  hasten  or  retard  the  corrosion.  The 
resultant  of  these  two  forces  must  vary  with  the  nature  of  the 
attacking  medium.  The  following  is  a  summary  of  the  results  of 
the  author's  experiments  on  the  relative  corrosion  of  soft  steel, 
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wrought-iron,  and  nickel  steel,  taking  wrought-iron  as  a  standard. 

Sea  Fresh 

water.         water.      Weather.     Average. 

Wrought-iron loo  loo  loo  loo 

Soft  steel 114  94  103  103 

3  per  cent,  nickel  steel 83  80  67  77 

26  per  cent,  nickel  steel 32  32  30  31 

Nickel  Steel:  A  Synopsis  of  Experiment  and  Opinion.    By 

D.  H.  Browne.     Trans.  Am,  Inst,  Min,  Eng,,  29,  569-648. 

Carbide  of  Silicon  in  Cupola  Practice — A  New  Softener.    By 

F.  J.  Tone.  Foundry,  16,  11 7-1 18. — Carborundum  has  been 
found  to  be  very  satisfactory  in  foundry  work,  especially  when 
dirty  or  burnt  scrap  forms  part  of  the  cupola  charge.  Already  i 
per  cent,  carborundum  has  a  marked  influence  upon  the  castings. 
In  practice  it  is  customary  to  charge  the  carborundum  in  lump  or 
brick  form  on  top  of  the  coke  that  the  iron,  when  melting,  may 
be  sure  to  come  in  contact  with  it.  The  heat  of  the  cupola-metal 
is  not  sufficiently  great  to  permit  adding  the  carborundum  in  the 
ladle  as  is  done  in  steel  castings. 

rialleable  Cast  Iron.  By  a  Correspondent,  Eng,  Min.  J. , 
70>  275-276. — ^The  first  record  of  the  manufacture  of  malleable  cast 
iron  in  this  country  is  of  that  at  Newark,  N.  J.,  about  1820.  Good 
malleable  castings  show:  GraphiticC,  3.20-4.00;  combinedC,  o.  10- 
0.60 ;  Mn  about  o.  25  ;  S,  not  over  0.07  ;  P,  not  over  o.  250  per  cent. 
The  physical  properties  are  :  ultimate  strength,  37,000  to  45,000 
lbs.  per  sq.  inch,  elongation,  3-5  per  cent,  in  2  inches.  For  melting, 
the  cupola,  and  the  reverberatory  without  and  with  regenerative 
chambers,  are  in  use.  As  cupola-metal  is  difficult  to  anneal,  it  is 
restricted  to  fine  sections.  Reverberatory  furnaces  hold  6-12 
tons  of  metal.  It  takes  about  one  hour  to  charge  a  10- ton  fur- 
nace, and  four  to  six  hours  to  melt  a  charge.  The  castings,  after 
knocking  oflE  the  gates,  are  cleaned  in  tumblers,  sorted,  packed 
with  iron  scale  in  pots  and  annealed  for  four  to  seven  days.  The 
malleableized  iron  is  then  again  tumbled,  the  fins  are  ground  off, 
and  the  goods  shipped  either  directly  or  after  first  dipping  into 
asphaltum  thinned  with  benzene.  The  author  enumerates  the 
many  uses  malleable  castings  are  put  to  and  gives  the  names  and 
productions  of  the  leading  firms  of  the  country. 

Annealing  Malleable  Cast  Iron.  By  G.  C.  Davis.  /.  Am. 
Foundrymen^s  Assoc,  8,  93-104,  1 21-124  \  Foundry,  16,  103-106. 
Discussed  by  R.  Moldenke  and  H.  M.  Howe.  Eng.  Min.  J.,^y 
382. — ^The  object  of  the  author  was  to  find  out  experimentally  how 
faj-  the  generally  accepted  statements  were  true  that  white  iron  when 
annealed,  increased  in  weight  in  spite  of  the  large  loss  of  carbon. 
He  found  that  with  a  \  inch  bar  (Si,  0.60 ;   S,  0.047  \   ^oXjaX  C, 
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3.23).  the  increase  in  bulk  was  10.29  per  cent,  and  with  a  |  inch 
bar,  6.17  per  cent.;  the  increase  in  weight  averaged  6.29  per  cent. 
The  explanation  of  this  increase  in  volume  given  by  Moldenke 
and  Howe  is  that  the  cementite  (FcjC)  of  the  white  iron  is  con- 
verted in  annealing  into  ferrite  and  bulky  temper-carbon,  the 
latter  expanding  the  metal.  The  increase  in  weight  is  ascribed 
by  the  author  to  the  reduction  of  some  of  the  oxide  of  iron  in  the 
packing  by  carbon  or  carbon  monoxide,  and  to  its  welding  to  the 
casting.  The  experiments  showed  also  that  considerable  sulphur 
was  absorbed  in  annealing,  the  gain  in  sulphur  occurring  princi- 
pally at  the  surface  ;  in  a  f  inch  bar  the  sulphur  content  in  the 
center  remained  unchanged,  while  it  increased  0.035  P^r  cent,  in 
the  skin  (^^  inch  thick).  The  sulphur,  the  author  points  out, 
must  have  come  from  the  mill-scale  used  in  annealing,  samples  of 
wrought-iron  scale  showing  o.  1 7-0. 26  per  cent. ,  and  of  steel  scale, 
0.061-0.084  per  cent,  of  silphur. 

Shrinkage  of  flalleable  Iron  Castings.  By  H.  O.  Bvans. 
J,  Am,  Foundrymen' s  Assoc,  8,  125  ;  Foundry,  16,  121. — In  dis- 
cussing Davis'  article  (see  above),  Moldenke  made  the  statement 
that  the  contraction  in  chilling,  of  irons  used  for  making  mallea- 
ble castings,  was  \  inch  to  the  foot  and  the  expansion  in 
annealing  \  inch  to  the  foot,  leaving  \  inch,  the  ordinary  con- 
traction allowed  for  gray  iron.  The  author  attacks  this  gineral 
statement.  He  shows  that  while  the  shrinkage  due  to  the  cool  • 
ing  of  the  white  iron  is  a  pretty  constant  quantity,  the  expan- 
sion due  to  annealing  shows  considerable  variety,  so  that  no  hard- 
and-fast  rule  for  the  design  of  a  pattern  allowing  for  shrinkage 
can  be  made.  In  fact  it  has  happened  that  the  same  pattern  sent 
to  different  foundries  gave  castings  differing  slightly  in  their 
dimensions. 
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Some  Recent  Developments  in  Textile  Processes.  By  Aron 
Hamburger.  /.  Franklin  Inst,,  145,  453. — A  full  account  of 
Mercer's  invention,  as  set  forth  in  his  patent  claims,  is  given,  and 
then  follows  a  description  of  the  processes  of  mercerizing  cotton 
fibers  as  now  practiced.  The  manufacture  of  artificial  silk  ac- 
cording to  the  methods  of  Lehner  and  Chardonnet  is  discussed. 
It  is  stated  that  the  tetranitrocellulose  is  the  basis  of  the  artificial 
fiber.  The  uses  of  formaldehyde  in  the  textile  industries  also 
receives  passing  notice.  By  injecting  a  gelatine  solution  into  a 
formaldehyde  solution,  threads  are  produced  having  a  silky  lus- 
ter. The  use  of  gelatine  solution,  followed  by  formaldehyde 
treatment,  is  considered  in  relation  to  sizing  in  color  printing  and 
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for  water-proofing.  Formaldehyde  is  being  experimented  with 
in  making  souple  silks,  to  fix  or  render  insoluble  the  sericine  and 
so  prevent  loss  of  weight  in  the  various  processes  through  which 
the  silk  passes  in  finishing. 

The  Technology  of  California  Bitumens.  By  S.  P.  Peck- 
HAM.  /.  Franklin  Inst.,  146,  45-54. — This  paper  consists  of  a  r6- 
sum6  of  investigations  and  reports  by  the  author  and  others  upon 
the  California  bitumens,  most  of  the  work  having  been  carried  on 
some  years  ago.  The  crude  oils  were  found  to  contain  nitro- 
genous bodies,  soluble  in  add,  which  on  further  study  proved  to 
be  pyridine  and  chinoline.  A  substance  supposed  to  be  a  crude 
paraffin  was  shown  to  be  a  solid  olefine  or  naphthene.  The 
author  believes,  from  his  experiments,  that  these  oils  contain  pro- 
portionally large  amounts  of  benzene,  and  that  this  explains  the 
difficulty  of  making  good  illuminating  oils  from  the  cnide. 

Ammonia  and  its  Sources.  By  Bruno  Ternk.  /.  Frank- 
lin Inst.,  146,  127-137. — The  recovery  of  ammonia  from  by-prod- 
uct coke  ovens  is  first  considered,  and  it  is  shown  that  the  Otto 
and  Semet-Solvay  ovens  have  a  firm  establishment  in  this  coun- 
try. The  author  inclines  to  the  opinion  that  the  Semet-Solvay 
oven  is  quicker  in  operation  than  its  competitors.  ,  Putting  the 
avers^e  of  ammonium  sulphate  recovered  at  20  pounds  per  ton  of 
coal  coked,  the  daily  loss  in  the  45,000  bee-hive  ovens  of  this 
country  is  over  2,000  tons  of  sulphate.  The  Mond  gas  producer 
with  ammonia  recovery  is  mentioned  and  the  yield  of  ammonium 
sulphate  put  at  nearly  100  pounds  per  ton  of  fuel.  The  utiliza- 
tion of  sugar-house  waste  by  igniting  the  molasses  with  alkali- 
aluminate,  as  well  as  several  other  processes  of  similar  character, 
has  not  yet  yielded  practical  results.  Nor  is  the  problem  of 
utilizing  atmospheric  nitrogen 'for  ammonia  yet  solved.  The 
results  of  Lord  Rayleigh's,  and  Siemens  and  Halske's  experiments 
on  the  oxidation  of  nitrogen  by  the  influence  of  the  electric  spark, 
show  that  an  alkali  must  be  present  to  unite  with  the  oxides  at 
the  moment  of  formation.  The  experiments  of  Russell  and 
Frank  on  producing  nitrides  by  heating  calcium  carbide  and  mag- 
nesium, aluminum,  or  zinc  powder,  and  also  the  production  of 
nitrides  in  the  electric  furnace  by  the  methods  of  Mehner  and 
Willson,  are  briefly  considered  ;  these  electric  methods  are  favor- 
ably looked  upon.  The  production  of  nitrogen  in  the  soil  by  the 
action  of  bacteria  cultures  is  considered  to  be  yet  in  the  experi- 
mental stage.  The  utilization  of  garbage  as  a  source  of  fertilizer 
and  of  grease  is  prominently  brought  out ;  it  is  shown  that  the 
garbage  of  New  York  and  Brooklyn  alone  will  add  to  the  annual 
output  2,400,000  pounds  of  ammonia  in  the  form  of  fertilizer. 


Industrial  Chemistry,  63 

History  of  the  Portland  Cement  Industry  In  the  United 
States.  By  Robert  W.  lySSi^EY.  /.  Franklin  Inst, ,  146,  324- 
348. — The  principles  of  hydraulic  cement  making  were  discovered 
by  Smeaton  towards  the  end  of  the  i8th  century.  The  first 
natural  cements  made  by  calcining  and  grinding  suitable  argilla- 
ceous limestones  was  made  by  Parker  in  1796  ;  in  1824  Aspdin 
produced  the  first  Portland  cement  from  a  mixture  of  chalk  and 
clay,  calcined  at  a  high  temperature,  and  ground  to  fine  powder. 
The  natural  cement  industry  was  early  started  in  this  country  and 
has  continued  to  thrive  to  the  present  time.  Portland  cement 
was  first  made  here  in  1870,  and  the  industry  has  now  reached 
large  proportions.  '  The  improvement  of  the  rotary  kiln  gave  a 
great  impetus  to  the  industry,  while  the  introduction  of  other 
labor-saving  devices  and  improved  grinding  appliances,  notably 
the  Griffin  mill  and  tube-mill,  have  enabled  American  cements  to 
displace,  to  a  considerable  extent,  those  of  foreign  manufacture. 
The  author  discusses  the  materials  and  their  handling  for  the 
making  of  the  cement,  the  chemical  analysis  of  certain  type 
cements,  as  shown  by  tables  for  eleven  domestic  and  ten  foreign 
brands,  the  testing  of  cement,  and  the  growth  of  the  industry  as 
shown  by  statistics. 

High  Explosives  and  Smokeless  Powders  and  Their  Applica- 
tions in  Warfare.  By  Hudson  Maxim.  /.  Franklin  Inst,,  146, 
375-386,  457-464. — This  paper  is  a  discussion  of  the  properties 
of  various  high  explosives  and  a  plea  for  their  use  in  high-power 
guns  and  for  large  shells.  Attention  is  directed  to  the  well- 
known  fact  that  increasing  the  density  of  an  explosive  diminishes 
its  sensitiveness  to  detonating  shocks  ;  that  guncotton  in  the 
fibrous  state  is  readily  detonated,  but  that,  if  dissolved  and  ren- 
dered hard  and  homy  by  evaporation  of  the  solvent,  it  resists  de- 
tonative  influences.  Fine  granulation  of  such  a  material  is  neces- 
sary to  insure  complete  burning,  and  this  presents  so  much  sur- 
face that  dangerous  pressures  are  reached  in  the  gun  if  it  be  over 
four-inch  caliber.  A  description  of  the  Maxim-Schiipphaus 
smokeless  cannon  powder  is  given  :  A  mixture  of  high  grade 
guncotton  containing  a  little  soluble  pyroxylin  is  rendered  plastic 
with  very  little  solvent  and  is  molded  into  grains  under  heat  and 
pressure  ;  these  grains,  in  drying,  shrink  but  little  and  retain  the 
shape  of  the  die.  Nitroglycerine  may  be  added  to  the  mixture, 
and  is  recommended  in  proportions  of  10  to  25  per  cent.  The 
form  of  the  grain  is  one  of  its  chief  features,  it  being  multi-per- 
forated, which  is  claimed  to  increase  its  ballistic  power.  The 
grain  proposed  for  large  charges  is  a  cylinder  six  diameters  long 
and  pierced  longitudinally  by  nineteen  angular  perforations.  The 
exterior  of  the  grain  is  coated  with  a  non-combustible  coating. 
Assuming,  as  an  example,  the  12-inch  sea  coast  rifle,  throwing  a 
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shell  weighing  i  ,000  pounds  at  a  velocity  of  2,250  feet  per  second, 
on  a  pressure  of  35,000  lbs.  per  square  inch,  it  is  claimed  that  a 
gun  of  24- inch  caliber  and  of  same  length  as  the  12-inch  gun 
would  show  an  average  pressure  just  half  that  of  the  12-inch  gun  ; 
but  the  area  of  the  base  of  the  projectile  being  four  times  as  great 
in  this  case,  a  shell  of  twice  the  weight  of  the  12-inch  shell  could 
be  thrown  at  the  same  velocity.  The  additional  weight  could  be 
made  up  of  high  explosive  instead  of  the  black  powder  now  used. 
The  last  part  of  the  paper  deals  with  the  economic  and  humane 
aspects  of  the  "  business  of  war.** 

A  Process  of  Fire-Proofing  Wood  To  Be  Used  for  the  Wood- 
Woric  of  War  Vessels.  By  C.  J.  Hexamer.  /.  Franklin  Inst., 
147,  65-70. — The  process  consists  in  saturating  the  pores  of  the 
wood  with  a  solution  of  water-glass  and  then  decomposing  it  with 
a  solution  of  ammonium  chloride,  by  which  gelatinous  silica  is 
precipitated  in  the  pores  of  the  wood.  Well-seasoned,  kiln-dried 
timber  is  put  into  a  chamber,  capable  of  withstanding  strong  pres- 
sure, and  which  can  be  heated  externally  by  steam.  The  cham- 
ber is  sealed,  the  temperature  brought  to  60**  C,  and  kept  there. 
The  air  is  exhausted  as  thoroughly  as  possible  with  an  air-pump ; 
the  solution,  previously  heated  to  60°  C,  is  then  sprayed  into  the 
chamber  until  the  wood  becomes  saturated,  then  the  vacuum  is 
broken,  and  a  pressure  of  ten  atmospheres  is  applied  and  kept  up 
for  three  hours.  This  forces  the  liquid  through  the  mass.  It  is 
insisted  that  steaming  the  wood  previous  to  saturating  it  is  inju- 
rious and  prevents  the  thorough  penetration  of  the  liquids. 

rietliods  for  tlie  Examination  of  Explosives*  By  W.  J.  Wil- 
liams, y.  Franklin  Inst,,  147,  197-215. — The  author  first  con- 
siders the  **  service  tests,*'  in  which  the  stability  of  the  powder 
under  the  influence  of  heat  is  determined.  The  powder  is  ex 
posed  to  a  temperature  of  150°  F.  until  indications  of  decomposi- 
tion of  the  nitro- compounds  are  observed.  lodo-starch  paper  is 
used,  which  shows  a  brown  or  yellow  color  as  soon  as  acids  or 
nitrogen  oxides  are  set  free.  The  specific  gravity  is  next  deter- 
mined by  the  use  of  mercury  in  a  vacuum.  The  gravimetric 
density,  or  * '  ratio  which  the  weight  of  the  substance  bears  to  the 
volume  it  occupies,**  is  then  determined  in  the  DuPont  gravi- 
metric balance.  The  loss  of  weight,  when  heated  at  130°  F.  for 
twenty-four  hours,  and  the  increase  of  weight  when  exposed  to 
an  atmosphere  saturated  with  moisture  for  twenty-four  hours,  are 
also  determined.  The  powder  is  then  exposed  in  an  air-tight  box 
to  great  cold  ( — 35*^  F.  to — 4.0 **  F.)  for  six  hours,  and  any  gain  or 
loss  in  weight  is  noted.  It  is  then  exposed  to  the  air  for  twenty- 
four  hours  and  any  gain  or  loss  of  weight  determined.  After 
each  of  these  tests  the  powder  is  tested  for  the  velocity  and  pres- 
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sure  when  fired  in  the  gun.  The  uniformity  of  granulation  is 
determined  by  a  set  of  sieves  with  circular  perforations  ranging 
from  o.io  to  0.03  of  an  inch  in  diameter.  Lastly,  the  '*  fouling" 
capacity  of  the  powder  is  found  by  burning  it  on  a  watch-glass  and 
weighing  the  residue.  The  chemical  tests  are  quite  elaborate,  in- 
cluding the  determination  of  nitrogen  by  dissolving  the  powder  in 
concentrated  sulphuric  add,  shaking  with  mercury,  and  measur- 
ing the  volume  of  nitric  oxide  liberated.  For  nitro-substitution 
compounds,  where  this  method  cannot  be  used,  a  modified  Kjel- 
dahl  or  Gunning  method  is  used.  Moisture  and  volatile  matter 
are  determined  by  twenty-four  hours'  exposure  in  an  air-bath  at 
50**  C. ,  followed  by  one  day  or  longer  in  a  vacuum  desiccator  over 
concentrated  sulphuric  acid  or  calcium  chloride.  The  analysis 
of  explosives  is  then  explained,  using  guncotton  as  the  type  ; 
then  the  analysis  of  a  powder  is  explained.  In  an  appendix  the 
theory  of  the  decompositions  of  guncotton,  of  nitroglycerine, 
and  black  powder  is  illustrated  by  reactions. 

Graphite:    Its    Formation    and    flanufacture.     By  £.   G. 

AcHBSON.  /.  Franklin  Inst,,  147,  475-486. — ^The  history,  dis- 
tribution, and  uses  of  natural  graphite  are  first  discussed,  and 
then  the  methods  proposed  for  the  artificial  production  are  out- 
lined. The  greater  part  of  the  paper  is  devoted  to  the  author's 
process  of  forming  graphite  in  the  electric  furnace,  by  the  decom- 
position of  a  carbide.  As  raw  material  he  employs  coke,  and  he 
has  found  as  a  result  of  his  experiments  that  the  pure  coke  from 
petroleum  stills  will  form  little  or  no  graphite,  while  the  best 
yield  is  obtained  from  impure  coke  made  from  bituminous 
coal.  Only  a  part  of  the  coke  is  converted  into  graphite.  The 
first  operation  is  the  formation  of  the  carbide  and  the  second  is  its 
decomposition.  The  theory  of  formation  is  explained,  and  the 
author  states  his  conclusions  from  his  own  experiments,  as  fol- 
lows :  (i)  Graphite  is  the  form  carbon  assumes,  when  freed  from 
chemical  associations,  under  conditions  of  low  pressure  and  pro- 
*tection  from  chemical  influence.  (2)  Diamond  is  the  form  car- 
bon assumes,  when  freed  from  chemical  associations,  under  con- 
ditions of  high  pressure  and  protection  from  chemical  influence. 
(3)  Amorphous  carbon  is  the  form  assumed  when  freed  from 
chemical  associations,  under  conditions  of  low  or  high  pressure 
and  exposure  to  chemical  influences.  It  is  also  supposed  that 
catalysis  occurs,  under  certain  conditions,  during  the  transforma- 
tion of  amorphous  into  graphitic  carbon.  Then  follows  an  ac- 
count of  the  commercial  operations  under  way  for  the  develop- 
ment of  the  process  for  manufacturing  graphite.  It  is  also  shown 
that  a  specific  name  for  the  new  product  is  desirable,  exception 
being  taken  to  the  word  ''artificial,"  since  it  conveys  the  im- 
pression that  a  cheap  imitation  is  being  palmed  off  as  the  genuine 


66  Review  of  American  Chemical  Research. 

article.     "Manufactured  graphite"  is  also  excluded,  since  it  is 
now  applied  to  the  articles  made  of  graphite. 

The  Laboratory  Production  of  Asphalts  from  Animal  and 
Vegetable  Materials.  By  Wm.  C.  Day.  /.  Franklin  Inst.,  148, 
205-226. — ^The  author  distilled  a  mixture  of  fresh  fish  (herring) 
and  fat  pine  wood  in  an  iron  retort,  and  passed  the  products  of 
distillation  directly  through  a  red  hot  iron  tube  and  thence  to  a 
Liebig  condenser.  He  obtained  a  yellowish- red  aqueous  distillate 
and  a  dark,  nearly  black,  oil,  most  of  which  was  lighter  than 
water,  although  a  part  of  it  coming  over  towards  the  end  of  the 
process  was  heavier.  The  oil  was  dried  and  analyzed,  and  then 
distilled  by  itself  in  a  glass  retort.  Five  distillates  were  separa- 
ted at  180°,  245°,  315**,  and  340®  C.  and  at  425**  (estimated). 
There  remained  in  the  fiask  a  black  liquid  which  solidified,  on 
cooling,  to  a  mass  resembling  the  natural  gilsonite  in  composi- 
tion and  properties.  Determinations  of  carbon,  hydrogen,  nitro- 
gen, and  sulphur,  were  made,  and  the  solubility  in  carbon  bisul- 
phite, turpentine,  ether,  gasoline,  and  absolute  alcohol  was  de- 
termined. All  of  the  solutions  showed  a  greenish  fluorescence. 
The  action  of  nitric  add  on  gilsonite  and  on  the  artificial  prod- 
uct was  similar.  Basic  compounds  similar  to  pyridine  and  quino- 
line  were  obtained  both  from  gilsonite  and  from  the  artificial 
product.  Distillations  of  fish  alone  and  of  wood  alone  were  made 
in  the  same  apparatus  and  oil  and  water  obtained.  On  redistilla- 
tion this  oil  left  a  residue  similar  to  maltha.  On  analysis  it  re- 
sembled natural  elaterite.  Basic  substances  were  obtained  from 
this  oil  similar  to  those  from  the  gilsonite.  The  solubility  was 
also  studied.  From  the  distillation  of  the  wood  a  larger  propor- 
tion of  a  strongly  acid  oil  resulted.  On  redistilling,  the  same 
fractions  were  taken  as  previously,  and  the  residue  in  the  retort 
was  a  black  liquid  which  solidified,  on  cooling,  to  a  black  mass, 
showing  a  purple  color  in  thin  edges.  Tables  of  analyses  and 
solubilities  are  given.  No  traces  of  basic  substances  could  be 
found  in  these  oils  from  wood  alone.  Comparative  tables  of* 
analyses,  specific  gravities,  and  solubilites  of  gilsonite  and  elate- 
rite, and  of  these  artificial  oils,  are  given.  A  lengthy  discus- 
sion of  the  origin  of  natural  asphalts  and  bitumens,  and  of  petro- 
leum, follows.  The  author  inclines  to  the  idea  that  no  one  theory 
can  explain  all  of  the  known  occurrences  of  different  bitumens. 

What  is  Parianite?  A  Correction.  By  H.  Endemann.  /. 
Franklin  hist.,  149,  314. — The  author  explains  an  error,  due  to  a 
misapprehension  in  Keller's  contribution  to  the  discussion  of  the 
paper  by  S.  F.  Peckham  {this  Rev.,  6,  124).  From  the  reading 
of  the  report  it  would  appear  that  the  author  had  made  no  at- 
tempt to  isolate  compounds  of  definite  composition  from  asphalt 
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generally,  whereas  he  had  merely  neglected  the  petrolenes,  these 
being  the  subordinate  portion  of  asphalt.  He  has  given  his  at- 
tention chiefly  to  the  solids  of  asphalts. 

Recent  Progress  in  the  Aluminum  industry.  By  Josbph 
W.  Richards.  /.  Franklin  Inst.,  149,  451-459. — This  is  an  ab- 
stract of  a  lecture  before  the  Institute.  But  little  is  said  con- 
cerning the  metallurgy  of  aluminum,  the  greater  part  of  the 
paper  being  devoted  to  its  commercial  uses.  It  is  shown  that  al- 
loys of  aluminum  are  relatively  cheaper  than  brass,  bronze,  or 
copper,  considering  the  difference  in  specific  gravity.  The  only 
metals  that  are  cheaper  than  aluminum  are  iron,  zinc,  and  lead. 
It  is  rapidly  replacing  brass  and  copper  for  artistic  effects,  while 
for  culinary  utensils,  toilet  articles,  and  novelties,  its  use  is  steadily 
increasing.  For  fruit-jar  caps  it  is  replacing  zinc,  although  more 
expensive.  For  lithographic  printing,  aluminum  plates  are 
superseding  the  time-honored  stone  ;  they  give  fully  as  fine  work 
and  may  be  used  on  cylinder  presses,  thus  allowing  much  faster 
running.  For  electric  conductors  aluminum  is  replacing  copper, 
and  promises  to  seriously  affect  the  copper  industry  in  this  re- 
spect. Powdered  and  leaf  aluminum  has  entirely  replaced  silver 
for  decorative  uses,  and  is  also  proving  useful  in  the  reduction  of 
refractory  metallic  oxides ;  in  this  way,  manganese,  chro- 
mium, tungsten,  vanadium,  uranium,  boron,  and  molybdenum 
have  been  reduced  and  utilized  in  alloys  for  steel  making. 

Aluminum :  Considered  Practically  in  Relation  to  Its  General 
Application  in  the  Arts  and  flechanics.  By  Joseph  A.  Stbin- 
MBTz.  y.  Franklin  Inst,,  150,  272-284. — ^This  is  a  somewhat 
more  extended,  but  similar,  article  to  that  by  Richards  (see 
above).  The  use  of  aluminum  in  the  metallurgy  of  steel  is 
noted,  and  also  its  use  for  making  patterns.  For  models  and  » 
salesmen's  samples,  the  lightness  of  the  metal  makes  it  well 
adapted.  The  difficulty  of  soldering  it  is  mentioned  and  some  of 
the  causes  of  failure  pointed  out.  The  statistics  of  the  industry 
are  given.  An  instance  of  the  failure  of  aluminum  for  bath-tub 
making,  owing  to  corrosion  by  soap  and  alkali,  is  shown  ;  and 
for  plumbing  fixtures  the  metal  is  generally  unsuitable.  The 
metal  finds  use  in  making  steam- jacketed  pans  for  sirup,  honey, 
fruit-juices,  etc.  The  uses  of  the  metal  for  electrical  work  and 
for  cooking  utensils,  and  its  employment  in  ship  building,  are 
fully  explained.  Aluminum  powder  and  its  uses  are  considered; 
among  these,  it  is  mentioned  that  it  can  replace  magnesium  for 
flash-lights  in  photography. 

The  Occurrence  of  Fuller's  Earth  in  the  United  States.     By 

David  T.  Day.    /.  Franklin  Inst,,  150,  214-223. — ^The  charac- 
teristics of  the  material  are  first  considered.     The  different  sped- 
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mens  of  earth  vary  in  composition,  and  no  definite  mineral  sub- 
stance of  distinctive  character  can  be  found  in  all  varieties.  Any 
form  of  day,  which  is  capable  of  absorbing  considerable  quanti- 
ties of  liquids,  which  crumble  in  water  and  diffuse  readily,  and 
which  will  remove  grease  from  wool  or  coloring-matters  from  oils, 
is  a  fuller's  earth.  The  developments  in  the  United  States  are 
then  mentioned,  and  it  is  shown  to  be  widely  distributed.  The 
conditions  of  its  occurrence  and  its  preparation  for  market  are 
explained.  The  methods  of  using  it  for  bleaching  mineral  and 
vegetable  oils  are  stated,  and  it  is  suggested  that,  since  the  oils 
of  different  density  in  such  a  mixture  as  crude  petroleum  perco- 
late through  it  at  different  rates,  the  first  runnings  being 
of  lighter  color  and  of  lower  specific  gravity  than  those  which  fol- 
low, there  is  a  possibility  of  separating  such  oils  without  frac- 
tional distillation,  and  hence  without  the  production  of  decomposi- 
tion-products. A  table  of  analyses  of  a  number  of  samples  of  the 
earth  is  also  given. 

The  Influence  of  Science  on  Modem  Beer  Brewing:.     By 

Francis  Wyatt.  J,  Franklin  Inst.,  150,  190-214;  299-320. — 
The  author  begins  with  a  history  of  the  development  of  the  brew- 
ing industry.  With  the  coming  of  the  chemist  into  the  brewing 
industry  it  was  found  that  malt  contained  more  diastase  than  is 
needed  to  hydrolyze  its  own  starch,  and  that  some  of  the  troubles 
of  the  brewer  were  due  to  excessive  quantities  of  nitrogenous 
bodies  in  soluble  form  in  the  beer.  Hence  came  the  use  of  raw 
grain  to  utilize  the  diastase  and,  by  creating  a  greater  mass  of 
material,  to  diminish  the  proportion  of  proteids  in  the  beer.  The 
nature  of  the  water  used  was  also  early  recognized  as  important 
and  its  complete  analysis  is  now  customary.  It  is  generally  as- 
•  serted  that  the  sum  of  the  quantities  of  earthy  sulphates  and  car- 
bonates should  never  exceed  100  parts  per  100,000.  Iron  in  quan- 
tities greater  than  0.5  part  per  100,000,  is  objectionable  and 
should  be  removed.  But  a  moderate  amount  of  permanent  hard- 
ness is  desirable  in  the  water,  and  by  adding  hardening  salts  soft 
waters  may  be  improved.  The  bacteriological  examination  of 
the  water  is  briefly  explained.  The  properties  and  constituents 
of  malt  are  considered  and  figures  given  showing  the  decrease  of 
diastatic  power,  as  influenced  by  the  kilning  process.  The  influ- 
ence of  temperature  on  the  mashing  process  is  explained,  and  it  is 
shown  that  chemists  have  taught  the  brewers  to  use  care  in  at- 
taining a  proper  temperature  in  the  mash.  The  use  of  starchy  or 
saccharine  materials,  called  malt-substitutes  or  malt-adjuncts,  is 
now  general  and  has  resulted  in  an  improved  quality  of  the  beer ; 
cereals  are  specially  prepared  for  this  use,  while  grape-sugar  and 
glucose  have  long  be^n  favorite  materials.  Raw  cereals  must  be 
gelatinized  at  high  temperatures  to  liberate  the  starch  from  the 
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cells,  before  being  subjected  to  the  action  of  the  malt  at  the  lower 
temperature  of  the  mash-tub.  Hops  are  now  subjected  to  analy- 
sis ;  the  percentage  of  water  and  tannin  are  determined,  as  well 
as  the  condition  and  quantity  of  the  lupulin  and  the  amount  of 
extract  yielded  to  petroleum  ether,  chloroform,  and  water.  Yeast 
and  its  properties  and  the  effects  of  wild  yeast  and  bacteria  are 
then  descrilfed.  The  author  states  the  theory  of  alcoholic  fer- 
mentation as  formulated  by  Pasteur,  and  also  the  new  theory  of 
Buchner,  that  the  decomposition  of  sugar  into  alcohol  and  car- 
bonic acid  gas  is  independent  of  vital  action,  being  produced  b}'  a 
functional  product  of  the  yeast  cell,  an  enzyme,  which  is  excreted 
during  its  growth,  and  called  zymose.  A  method  for  its  prepara- 
tion is  given,  and  it  is  described  as  a  clear  but  opalescent  yellow 
fluid  with  the  odor  of  yeast  and  a  minimum  specific  gravity, 
1. 0416.  A  description  of  a  modern  brewing  plant  is  given,  and 
the  changes  which  take  place  during  the  mashing  are  considered. 
An  outline  of  the  brewing  process  follows,  and  analyses  of  the 
wort  with  and  without  raw  grain,  and  of  the  finished  beers  from 
these  worts  are  shown.  It  is  demonstrated  that  the  character  of 
the  components  of  both  beers  is  identical ;  that  the  differences  in 
their  composition  are  only  those  intentionally  created,  and  that 
the  modem  scientific  brewer  may  change  the  nature  of  his  beers 
at  will ;  that'he  can  foretell  the  result  to  be  obtained  by  the  use 
of  any  process  he  may  adopt.  The  chief  points  to  be  looked  for 
in  the  worts  are  then  clearly  stated.  The  effect  of  reduced  tem- 
peratures in  precipitating  soluble  nitrogenous  bodies  of  the  albu- 
mose  and  peptone  types  is  explained.  Statistics  of  the  industry 
in  the  United  States  since  1868  and  a  recapitulation  of  data  in  the 
paper,  close  the  article. 

Water-Softening  Plant  at  the  Lorain  Steel  Company's  Blast- 
Furnaces.  By  N.  O.  Goldsmith.  Power,  20,  No.  10.— This  is 
mainly  a  description  of  the  mechanical  plant  for  an  intermittent 
settling  process  of  water  purification.  It  includes  an  analysis  of 
the  water  of  Black  River,  Ohio,  and  also  a  series  of  analyses  of 
the  water  before  and  after  treatment  for  a  period  of  three  months, 
showing  the  reduction  in  the  amount  of  lime  and  magnesia  by 
treatment.  A  table  of  the  cost  of  precipitating  1,000  grains  of 
different  impurities  with  different  reagents  i§  also  included. 

Note:  On  Carborundum.  By  Chas.  F.  Mabbry.  /.  Am. 
Chem.  Soc,  22,  706. — Attention  is  here  called  to  the  fact  that  the 
U.  S.  Circuit  Court  of  Appeals  has  decided  in  favor  of  the  patent 
of  A.  H.  and  E.  H.  Cowles,  Dec.  24,  1884,  and  against  that  of 
E.  H.  Acheson,  thus  determining  the  question  of  priority  for  the 
incandescent  method  of  reducing  ores  and  other  substances. 

Portland  Cement — Sketch  of  flaterials  and  Process.    By  S. 
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B.  Newberry.     Eng.  Record,  42,  436-438.— The  subject  is  dis-  ^ 

cussed  under  the  heads  :  Introduction,  Materials,  Proportions  of 
Ingredients,  Mixing,  Burning,  Grinding.  The  three  general 
classes  of  hydraulic  cements,  Portland  cement.  Natural  cement, 
and  Puzzalona  or  slag  cement  are  defined.  The  materials  for 
Portland  cement  are  considered  in  detail  and  several  analyses  of  .  ^ 

carbonate  of  lime  and  clays  used  for  cement  are  incfiided.     Un-  ^ 

der  the  proportions  of  ingredients  the  formula  of  Le  Chatelier  is 
given  together  with  the  author's  formula  based  on  his  own  ex- 
periments ;  thus  from  the  formula 

X(3CaO.SiO,)  +  Y(2CaO.Al,0,), 

he  deduces  the  following  rule  for  calculating  the  amount  of  lime  ' 
required  for  any  particular  clay  of  which  an  analysis  has  been 
made:  Multiply  the  percentage  of  silica  by  2.8  and  the  percentage 
of  alumina  by  i.i  ;  add  the  products  ;  the  sum  equals  the  num- 
ber of  parts  of  lime  required  for  100  parts  of  clay.  An  example 
of  the  use  of  the  formula  is  given.  The  author's  experiments 
show  that  magnesia  forms  with  clay  no  products  having  hydraulic 
properties,  hence  in  calculating  cement  mixtures  only  the  silica, 
Ume,  and  alumina  are  considered.      The  methods  of  mixing  are  j 

briefly  explained,  the  semi-wet  process  being  considered  prefera-  | 

ble.  Under  burning,  the  four  types  of  kilns  used  for  Portland 
cement  are  discussed.     In  this  country  the  rotary  kiln  is  preferred  i 

owing  to  its  low  labor  account,  but  it  is  very  wasteful  of  fuel. 
Le  Chateher's  theory  of  the  changes  caused  by  the  burning  is 
stated,  and  the  peculiar  effect  of  sudden  cooling  of  the  hot  clinker 
is  noted.  For  g^nding  the  clinker,  the  GriflSn  mill  and  tube-mill 
have  generally  replaced  buhr-stones  in  this  country.  The  fine- 
ness is  such  that  92-93  per  cent,  will  pass  a  No.  100  sieve.  It  is 
claimed  that  the  average  tests  of  American  cements  are  higher 
than  those  of  English  or  German  make. 

The  Michigan  Allcali  Co.'s  Plant  for  flanufacturing  Portiand 
Cement  from  Caustic  Soda   Waste.    By  B.  B.   Lathbury.  i 

Eng,  News,  43,  373.  The  Raw  Materials  for  the  Manufacture 
of  Portland  Cement.  Editorial,  Eng,  News,  43,  376.— These 
two  articles  are  in  a  measure  complementary  ;  the  first  is  chiefly 
devoted  to  the  engineering  features  of  cement  manufacture,  but 
it  includes  analyses  of  the  **  waste'*  employed  and  also  of  the 
day  and  of  the  limestone  from  which  the  lime  is  prepared  for 
use  in  the  caustidzing  plant.  The  second  article  is  a  compilation 
of  facts  relating  to  the  materials,  including  tables  of  analyses  of 
them  and  of  representative  foreign  and  domestic  cements  from 
various  sources. 

How  to  Calculate  the  Proper  Cement  Raw  ilixture  from  the 
Given  Raw  Materials.     By  W.   Michakus,  Jr.     Cement  and 
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En^.  News,  9,  21. — ^This  is  chiefly  a  review  of  the  work  of  W. 
Michaelis,  Sr.,  in  determining  the  **  Hydraulic  Modulus.*'  A 
formula  is  given,  and  the  use  of  this  modulus  in  calculating  the 
ratio  of  clay  to  chalk  from  the  analyses  of  the  raw  materials  is 
illustrated  by  an  example. 

Chemical  Industry  of  Germany.  By  R.  Gubnther.  U.  S. 
Consular  Rep,,  64,  186. — The  chief  features  of  this  report  are  a 
table  of  German  imports  and  exports  of  chemicals  for  the  years 
1898  and  1899,  and  a  table  of  exports  to  the  United  States  in 
1898.  The  United  States  then  imported  $8,383,000  worth  of 
chemicals,  exclusive  of  a  large  number  of  chemicals  whose  value 
is  not  stated. 

Cellulith.  By  R.  Guknther.  U.  S.  Consular  Rep.,  64,  461. 
— This  is  a  short  description  of  the  method  of  making  cdLlulith 
from  paper  pulp.  The  finished  product,  which  has  a  specific 
gravity  of  4.5,  has  the  consistency  of  horn,  and  when  incorpora- 
ted with  sawdust  and  lampblack,  resembles  ebonite. 

Silver-Mounted  Ware  a  Menace  to  Health.  By  Wai^tkr 
Schumann.  U.  S,  Consular  Rep,,  64,  374. — ^A  Franfort  news- 
paper is  quoted  to  the  effect  that  the  silver  on  the  mountings  on 
certain  glass  and  porcelain  wares  is  applied  by  a  galvanoplastic 
process,  using  baths  strongly  charged  with  potassium  cyanide. 
It  is  claimed  that  the  poison  enters  the  fine  cracks  and  crevices  of 
the  glazed  ware,  remains  there,  and  is  a  source  of  danger  in  the 
use  or  handling  of  the  articles.  A  case  of  poisoning  is  stated  to 
have  been  traced  to  such  a  source.  These  goods  are  stated  to  be 
chiefly  exported  to  the  United  States. 

New  Substitute  for  Qutta  Percha.  U,  S.  Consular  Rep, ,  64, 
369. — The  composition  of.  the  new  substitute  is  secret.  At  ordi- 
nary temperatures  the  substance  is  hard  and  firm,  but  not  brittle ; 
it  may  be  hammered  without  breaking.  It  softens  on  warming, 
but  is  not  affected  by  water. 

Chemical  Foods  in  Qermany.  By  O.  J.  D.  Hughes.  U,  S, 
Consular  Rep,,  64,  23. — This  contains  a  short  list  of  the  more  im- 
portant artificial  food-products  containing  albuminose  bodies. 

New  German  Qlas5.  U,  S.  Consular  Rep.,  ^^  131. — **The- 
ophilus  glass*'  is  the  name  of  anew  material  which,  like  the  **Tif- 
fany  glass  of  this  country,**  is  intended  for  artistic  uses. 

Composition  of  the  Ashes  of  Some  Raw  Tanning  flaterials. 

By  Wm.  K.  Axsop  and  J.  H.  Yocum.  /.  Am,  Chem,  Soc,,  ao, 
338-340. — ^Tables  are  given  showing  the  composition  of  the  tan- 
ning material  and  giving  complete  analyses  of  its  ash.    The  ma- 
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investigations  concerning  the  occurrence  and  nature  of  the  ura- 
nium and  vanadium  ores  of  Western  Colorado.  A  somewhat  de- 
tailed description  of  the  various  ore  deposits  is  given  by  Dr.  Ran- 
some  from  a  study  of  the  region  made  by  him  and  A.  C.  Spencer. 
He  concludes  that  the  ores  are  recent  impregnations  in  the  sand- 
stones. The  chemical  researches  made  and  recorded  by  Dr.  j 
Hillebrand  furnish  not  only  valuable  data  concerning  the  compo-  k 
sition  of  the  ores  and  their  constituent  minerals,  but  afford  the  ■ 
chemist  excellent  descriptions  of  the  analytical  methods  involved 
in  the  analysis  of  the  uranium  and  vanadium  ores.  The  sum- 
mary made  by  the  authors  is  as  follows  :  **  The  body  called  car- 
notite  is  probably  a  mixture  of  minerals  of  which  analysis  fails 
to  reveal  the  exact  nature.  Instead  of  being  the  pure  uranyl- 
potassium  vanadate,  it  is  to  a  large  extent  made  up  of  calcium  and 
barium  compounds.  Intimately  mixed  with  it,  and  entirely  ob- 
scured by  it,  is  an  amorphous  substance — a  silicate  or  mixture  of 
silicates — containing  vanadium  in  the  trivalent  state,  probably  re- 
placing aluminium.  The  deposits  of  camotite,  though  distributed 
over  a  wide  area  of  country,  are,  for  the  most  part,  if  not  alto- 
gether, very  superficial  in  character  and  of  recent  prigin.  The 
green  coloring  and  cementing  material  of  certain  sandstones  near 
Placerville.  Colorado,  is  a  crypto-crystalline  alumino-vanadio- 
potassiura  silicate  resembling  roscoclite,  but  with  the  percentage 
proportions  of  Al,Oj  and  VjO,  reversed.  It  constitutes  over  25 
per  cent,  of  the  sandstone  at  times,  and  contains  nearly  13  per 
cent,  of  VjOj,  the  latter  amounting  in  the  maximum  case  ob- 
served to  3.5  per  cent,  of  the  sandstone.  As  yet  these  highly 
vanadiferous  sandstones  have  been  found  only  at  Placerville, 
where  it  is  intended  to  work  them  for  vanadium.  Carnotite  is 
associated  with  them  in  only  trifling  amount.  Other  sandstones 
noticed  owe  their  bright  green  color  to  chromium.  In  yet  an- 
other case,  where  the  color  was  dull  green,  this  was  not  due  to 
either  chromium  or  vanadium. 

Notes  on  the  Tellurides  from  Colorado.  By  Charles 
Palache.  Am.  /.  5a.,  160,  419-427. — The  article  gives  the  re- 
sults of  a  careful  and  admirable  crystallographic  study  of  the 
mineral  sylvanite,  together  with  a  chemical  investigation  of  the 
same.  The  analyses  show  the  composition  to  be  represented  by 
the  formula  AuAgTe^,  thus  confirming  the  conclusions  previously 
reached  by  Pearce  from  analyses  made  by  him  on  massive  material 
from  Cripple  Creek.  The  goldschmidtite  of  Hobbs  is  shown  by 
the  author  to  be  identical  in  crystallization  with  sylvanite.  Ow- 
ing to  this  identity  it  is  thought  that  the  analyses  made  by  Hobbs 
may  have  been  rendered  inaccurate  by  the  extremely  small  quan- 
tity with  which  he  worked,  and  in  a  note  incorporated  in  the  arti- 
cle, Prof.   Hobbs  withdraws  the  name  gold.schmidtite  as  repre- 
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seating  a  distinct  species.     The  article  is  concluded  by  a  note  on 
the  crystal  habit  of  hessite  from  Boulder,  Colorado. 

Mohawkite,  Stibio-Domeykite,  Domeykite,  Algodonite,  and 
Some  Artificial  Copper  Arsenides.  By  George  A.  Koenig. 
Am,  J,  Set.,  160,  439-448. — The  copper  arsenides  occurring  in 
the  Keweenaw  copper  formation  of  Michigan  are  found  only  in 
veins  intersecting  the  bedded  deposits  of  native  copper,  and  have 
so  far  been  observed  only  near  the  foot  of  the  formation  toward 
the  southeast.  The  new  mineral  mohawkite  occurs  in  a  vein  at 
the  Mohawk  Mine  associated  with  other  copper  arsenides  in  a 
gangue  of  quartz  and  calcite.  The  mineral  is  massive,  structure 
granular  to  compact,  color  a  gray,  tinged  with  yellow,  taking 
readily  a  brassy  to  purplish  tarnish.  It  is  brittle,  hardness  about 
3.5,  with  a  specific  gravity  of  8.07.  A  chemical  analysis  gives 
its  composition  as  follows  :  Cu,  61.67  ;  Ni,  7.03  ;  Co,  2.20  ;  Fe, 
trace ;  As,  28.85 ;  this  gives  the  mineral  the  formula 
(Cu.Ni,Co)jAs.  The  author  shows  also  that  nickel  and  cobalt 
are  present  in  small  quantities  in  the  mineral  domeykite  Cu,As, 
and  that  the  specific  gravity  of  the  latter  should  be  7.94  instead 
of  6.7  to  7.5,  as  given  by  the  mineralogies.  By  volatilizing  arse- 
nic over  red  hot  copper  in  a  combustion  tube,  sealed  at  one  end, 
two  arsenides  were  obtained,  one  having  the  composition  Cu,As 
and  resembling  chalcocite,  the  other  consisting  of  groups  of  mi- 
nute crystals  and  identical  with  domeykite  in  composition.  By  the 
name  stibio-domeykite  the  author  designates  a  mineral  from  the 
Mohawk  Mine,  closely  resembling  domeykite  but  containing  a 
small  percentage  of  antimony,  and  by  the  name  mohawk-whit- 
neyite  a  very  intimate  mixture  of  the  two  minerals  mohawkite 
and  whitneyite.  The  results  of  several  analyses  of  these  last 
mixtures  accompany  the  article.  The  correctness  of  the  formula 
(Cu,Ni,Co)4As,  W'hich  was  assigned  to  mohawkite  by  Ledoux 
{Evg.  Mi7i,J,y  April,  1900)  is  strongly  denied  by  the  author.  He 
concludes  his  with  a  new  analysis  of  algodonite,  confirming  the 
formula  Cu^As.  Its  specific  gravity  was  found  to  be  8.383,  in- 
stead of  7.62,  as  previously  given. 

Tlie  Analyses  of  Italian  Volcanic  Rocks.  By  H.  S.  Wash- 
ington. Am.  J,  Set.,  159,  44-54. — Analyses  are  given  of  the 
following  types  of  rocks  :  Ciminite,  from  Monte  Cimino,  Viterbo; 
Mica  Trachyte  (selagite),  from  Monte  Catini,  Tuscany  ;  Ande- 
site,  Radicofani,  Tuscany  ;  Leucitite,  from  Capodi  Bove,  Alban 
Hills.  A  discussion  is  made  of  the  analyses,  the  mineralogical 
composition  of  the  rocks,  and  their  classification  in  accordance 
therewith. 

Occurrence  of  Native  L^ad  with  Copper  and  Otiier  ilinerals 
at  Franklin   Furnace,  N.J.     By  W.  M.  Foote.     Am./.Sci,, 
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1569  187-188. — Small  irregular  masses  of  lead,  i  to  2  mm.  in 
diameter,  associated  intimately  with  native  copper  and  a  variety 
of  minerals — among  them  axinite,  garnet,  willemite,  and  phlogo- 
pite — ^have  been  found  on  a  few  specimens  taken  from  the  800- 
foot  level  of  the  Parker  shaft  on  North  Mine  Hill.  The  rarity 
of  native  lead  and  its  associations  at  Franklin  make  the  discovery 
interesting. 


Occurrence  of  Sperrylite  in  North  Caroliiuu  Bv  W.  £.  Hid- 
den. Am.  J.  Sci.,  156,  380-381. — The  mineral  sperrylite — a  di- 
arsenide  of  platinum — is  described  from  Macon  County,  N.  C, 
where  it  was  discovered  in  the  sands  of  Cowee  Creek,  associated 
with  a  little  gold  and  the  minerals  monazite,  zircon,  and  menac- 
canite.  The  sperrylite  consisted  of  a  few  very  minute,  nugget- 
like particles  and  crystals,  the  latter  showing  the  combination  of 
the  cube  and  octahedron. 

Thomsonite,  Mesolite,  and  ChalMizite  from  Qolden,  Colorado. 

Bv  Horace  B.  Patton.  Geol,  Soc.  Am.,  17,  461-474;  plates, 
43-49. — ^The  paper  gives  a  detailed  description,  supplemented  by 
exceUent  plates,  of  the  occurrence  and  habits  of  the  above-named 
zeolites,  found  in  a  scoriaceous  band  of  the  basalt  flow  which 
caps  what  is  known  as  Table  Mountain,  near  Golden. 
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J.  F.  Norris,  Rbytbwbr. 

On  the  Behavior  of  Acylthioncarbamic  Esters  with  Allcyl 
Iodides  and  Amines:  Benzoylimidothiocarbamic  Esters,  Acyclic 
Benzoylpseudoureas  and  Benzoylureas.  By  Henry  L. 
Whkelkr  and  Treat  B.  Johnson.  Am,  Chem.  /.,  24,  189- 
221. — ^The  acylthioncarbamic  esters  used  in  the  investigation 
were  prepared  by  the  union  of  acyl  rhodanides  with  alcohols.  It 
was  found  that  these  compounds  have  little  tendency  to  undergo 
molecular  rearrangement  with  alkyl  iodides,  and  that  this  rear- 
rangement took  place  only  in  the  case  of  the  acetyl  and  benzoyl 
methyl  esters  when  warmed,  within  narrow  limits,  with  methyl 
iodide.  The  thion  compound  was  converted  into  a  thiol  deriva- 
tive, CHjCO.NH.CS.OCH,--  CH,CO.NH.CO.SCH,.  The  thiol 
derivative  was  also  prepared  by  warming  methyl  thiolcarbamate 
with  acetic  anhydride.  The  results  show  that  the  compounds 
formed  by  the  union  of  acyl  rhodanides  and  alcohols  have  the 
thion  and  not  the  thiol  structure  which  is  assigned  to  them  in 
Beilstein*s  **Handbuch."  It  was  found  that  methyl  benzoyl- 
thioncart!amate  reacts  more  readily  with  chloracetic  add  than 
with  alkyl  iodides,  giving  benzoylcarbaminethioglycoUic  acid, 
CjHjCO.NH.CO.SCHj.COOH.  In  previous  papers  by  the  au- 
thors it  has  been  shown  that  such  thioncarbamic  esters  as  have  a 
more  or  less  positive  nature,  .such  as  the  phenylthioncarbazinic 
ester,  CeHjNH.NH.CS.OCjHj,  readily  react  with  alkyl  halides 
and  with  compounds  of  a  negative  character  ;  while,  on  the  other 
hand,  they  proved  to  be  quite  inactive  with  organic  bases.  It  is 
now  shown  in  the  case  of  the  negative  benzoyl  thioncarbamic 
esters,  that  the  behavior  is  the  reverse.  These  compounds  react 
with  ammonia  and  organic  bases  at  ordinary  temperatures,  form- 
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ing  direct,  more  or  less  stable,  addition-products,  which  break 
down  in  a  variety  of  ways,  dependent  upon  the  character  of  the 
amine  radicals.  As  it  was  suspected  that  acyl  p^udourea  ethers 
were  formed  in  some  of  the  decompositions,  compounds  of  this 
class  were  prepared  from  benzoylimidothiocarbonic  esters,  and 
studied.  These  latter  compounds,  C.HjCO.N :  C.SR.OR.  are 
readily  formed  by  the  action  of  alkyl  iodides  on  the  sodiutn  salts 
of  the  benzoylthioncarbamic  esters,  and  are  oils,  which  boil  under 
diminished  pressure  without  decomposition.  With  water,  they  give 
benzamide,  carbon  dioxide,  an  alcohol,  and  a  mercaptan.  They 
are  converted  by  hydrogen  sulphide  at  ioo°  into  benzoylthioncar- 
bamic esters,  and  by  dry  hydrogen  chloride  into  benzoylthiolcar- 
bamic  esters.  When  benzoylimidothiocarbonic  esters  are  treated 
with  organic  bases  they  readily  react,  giving  off  mercaptan  and 
forming  acylpseudourea  ethers : 


ySR 


N)CH, 


HNR'R 


^ryn 


<NR'R" 
+  HSR. 
OCH, 

The  compounds  of  this  type  are  oils,  which  cannot  be  distilled 
without  decomposition.  They  resemble  closely  in  properties  the 
acylimido  esters  and  acylamidines,  to  both  of  which  series  the 
compounds  belong.  The  most  striking  reaction  of  these  pseudo- 
urea  ethers  is  the  reaction  with  hydrochloric  acid.  With  this  re- 
agent the  ethers  react  in  the  cold  ;  alkyl  chlorides  are  given  off, 
and  they  are  quantitatively  converted  into  well-crystallized  acyl- 
ureas.  The  results  show  that  the  more  negative  the  character  of 
the  radical  in  the  imido  ester  grouping,  RN  :  CR'.OR",  the  more 
sensitive  are  the  compounds  in  regard  to  decomposition  with  hy- 
drochloric acid.  The  acylthioncarbamic  esters  react  with  phenyl- 
hydrazine,  giving  off  hydrogen  sulphide  in  the  cold.  Ring  com- 
pounds are  formed  and  obtained.  This  was  proved  by  convert- 
ing the  compound  represented  by  formula  I  from  methylbenzoyl- 
thioncarbamate  into  the  so-called  i  ,5-diphenyl-3-oxytriazole  which 
is  represented  by  formula  II. 

C^H^.C  =  N— C.OCH,  C,H5.C=N— CO 

I.             I              li                      II.             I  I 

C.H,.  N N  C,H,.  N NH 

The  preparation  and  properties  of  a  large  number  of  compounds 
are  described. 

Camphoric  Acid — Structure  and  Configuration  of  Cistrans- 
campiioiytlc  Acid.  By  William  A.  Noyes  and  Edward  F. 
Phillips.     Am,  Chem.  J.,  24,  283-291. — From  a  study  of  the 
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action  of  hydrobromic  acid  on  cistranscampholytic  acid,  the  au- 
thors have  come  to  the  conclusion  that  the  formula  proposed  by 
Blanc  and  by  Bouveault,  formula  I,  for  this  acid  can  no  longer 
be  considered  correct.     When  cistranscampholytic  acid  is  treated 

CHj -|  CHj- 


I. 


Crig.CCrig 


C:CH,  II. 

I 


1 


I 

CH,.C 


"^C.CO.H 


HC.CO,H  . 

CH, »  CHj ^ 

with  hydrobromic  acid,  it  is  converted  into  an  acid  which  in  all 
probability  is  identical  with  the  acid  formed  from  dihydrohy- 
droxycampholytic  acid  and  hydrobromic  acid  ;  for  the  two  brom- 
acids  have  the  same  point  of  fusion  and  almost  identical  rotatory 
power.  As  this  fact  cannot  be  explained  on  the  assumption  that 
formula  I  is  correct,  the  authors  propose  formula  II  for  cis- 
transcampholytic acid,  and  show  that  by  means  of  it  the  proper- 
ties of  the  acid  can  be  explained.  The  acid  is  optically  active, 
although  the  formula  given  above  does  not  contain  an  asymmetric 
carbon  atom.  This,  according  to  the  authors,  is  not  necessary. 
By  the  method  of  writing  the  formula  *  *  it  is  intended  to  indicate 
that  the  doubly  united  carbon  atoms  no  longer  lie  exactly  in  the 
plane  of  the  other  three  atoms  of  the  ring,  but  are  thrown  slightly 
out  of  that  plane,  the  one  on  one  side,  the  other  on  the  other. 
The  carboxyl  and  methyl  groups  connected  with  the  same  atoms 
will,  in  such  a  case,  lie  on  opposite  sides  of  the  ring.  A  com- 
pound of  this  configuration  has  no  plane  of  symmetry  and  may 
exist  in  a  right-handed  and  a  left-handed  form."  The  rotatory 
powers  of  dihydroaminocampholytic  acid,  dihydrohydroxycam- 
pholytic  acid,  cistranscampholytic  acid,  and  >5-bromdihydrocam- 
pholytic  acid  are  given. 

The  Hydrolysis  of  Acid  Amides.  By  Emmet  Reid.  Am, 
Chem.  /.,  24,  397-424. — The  results  of  the  study  of  the  rates  of 
hydrolysis  of  a  number  of  substituted  benzamides  with  hydro- 
chloric acid  and  barium  hydroxide  are  given.  The  experimental 
methods  used  were  like  those  employed  in  an  earlier  investiga- 
tion on  the  same  subject  {this  Rev.,  5,  71)  and  the  results  ob- 
tained are  in  the  main  in  accord  with  those  already  reported.  It 
was  found  that,  with  one  exception,  substituted  benzamides  hav- 
ing groups  in  the  meta  and  para  positions  are  hydrolyzed  by  hy- 
drochloric acid,  more  slowly  than  benzamide.  With  all  the 
groups  the  nature  is  of  more  importance  than  the  weight  of  the 
group  ;  e.g.,  NH,  retards  more  than  NO,  or  bromine,  and  almost 
as  much  as  iodine,  when  all  are  in  the  para  position.  Groups  in 
the  ortho  position  have  a  marked  retarding  influence  on  the  hy- 
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drolysis.  Iodine,  bromine,  and  chlorine  in  this  position  retard 
the  reaction  to  the  extent  of  95,  92,  and  85  per  cent.,  respec- 
tively. The  influence  of  a  hydroxy!  group  is  also  great,  but  this 
is  greatly  reduced  by  substituting  its  hydrogen  atom  by  radicals. 
At  the  same  concentration  barium  hydroxide  was  found  to  act  be- 
tween five  and  ten  times  as  fast  as  hydrochloric  acid.  The  rela- 
tions between  the  effects  of  the  position  and  nature  of  the  substi- 
tuting groups  were,  in  most  cases,  about  the  same  with  both  acid 
and  alkali.  A  methyl  group  in  the  ortho  position  retarded  the 
action  to  a  very  marked  degree.  An  amido  group  in  the  para 
position  reduces  the  velocity  of  the  reaction  to  less  than  one- fourth 
of  that  of  benzamide.  In  the  case  of  the  amides  containing  the 
nitro  group,  or  the  halogens  in  the  meta  or  para  positions,  the  results 
with  barium  hydroxide  were  quite  different  from  those  obtained 
with  hydrochloric  acid.  The  amides  containing  the  halogens 
were  hydrolyzed  two  or  three  times  as  fast  as  benzamide,  while 
the  nitro  group  increased  the  speed  of  the  reaction  five  and  a  half 
times  when  in  the  meta  position,  and  six  and  a  half  times  when 
in  the  para  position.  In  the  hydrolysis  with  alkali,  the  oxybenz- 
amides  gave  quite  abnormal  results,  the  retarding  effect  being 
much  greater  than  might  have  been  expected  from  the  experi- 
ments in  acid  solution.  This  was  probably  due  to  the  fact  that  a 
part  of  the  alkali  reacted  with  the  acid  hydroxyl  and,  conse- 
quently, did  not  take  part  in  the  hydrolysis.  Only  about  one  • 
half  of  the  theoretical  quantity  of  ammonia  could  be  obtained 
front  <?-nitrobenzamide,  even  when  it  was  boiled  with  strong 
sodium  hydroxide  for  a  number  of  hours.  A  red  substance  was 
formed  as  the  result  of  the  reaction,  which  will  be  investigated 
further.  The  derivatives  of  benzamide  which  have  been  studied 
in  this  and  the  previous  investigations  are  those  in  which-  the  fol- 
lowing groups  are  in  the  ortho  position  to  the  CONH,  group  :  CI, 
Br,  I,  OH,  OCH„  OC,H„  OCeH^,  NO,.  NH„  N(CH,),.  and  CH, ; 
those  in  which  the  following  groups  are  in  the  meta  position : 
Br,  I,  NO,,  NH„  CH„  and  OH  ;  and  those  in  which  the  follow- 
ing groups  are  in  the  para  position  :  CI,  Br,  I,  NO,,  CH„  NH„ 
OCH„  and  OC,Hj. 

On  the  Molecular  Rearrangement  of  Disubstituted  Thion- 
carbamic  Esters:  Phenylimidothiocarbonic  Acid  Derivatives 
and  Thiosemicarbazidic  Esters.  Bv  Henry  L.  Wheeler  and 
Guy  K.  Dustin.  Am,  Chem,  /.,  24,  424-444. — In  previous 
papers  it  has  been  shown  that  monosubstituted  thioncarbamic 
esters,  XNH.CS.OR,  react  with  alkyl  iodides  and  give  thiol  de- 
rivatives, XNH.CO.SR.  In  order  to  determine  whether  the  re- 
arrangement was  dependent  on  the  presence  of  hydrogen,  the  di- 
substituted  derivatives  were  studied,  with  the  result  that  it  was 
found  that  in  this  case  a  similar  reaction  took  place.  In  order  to 
determine  the  extent  of  the  rearrangement,  the  compounds  were 
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heated  with  mercuric  oxide  in  alcoholic  solution  :  the  disubstitu- 
ted  thion  derivatives  were  readily  desulphurized,  whereas  the  corre- 
sponding thiol  derivatives  were  unafiFected.  As  the  study  of  the 
action  of  reagents  upon  acylimidothiocarbonic  esters,  e,  ^., 

<SC,H4 
OC,H, 
and  upon  anilinoimidothiocarbonic  diethyl  ester^ 

(SCjHj 
OC.H, 

had  shown  that  these  substances  were  very  reactive,  analogous 
compounds  containing  the  phenylimido  group,  e,  g, , 

/SCH, 
C.H,N  :  C< 

were  prepared  and  studied.  These  compounds  are  unreactive 
with  tK>th  acyl  chlorides  and  with  organic  bases,  and  show  a  wide 
departure  in  their  properties  from  most  compounds  which  contain 
the  imidoester  grouping.  When,  however,  the  above  compound 
was  heated  with  benzoyl  chloride,  methyl  chloride  was  slowly 
given  oflF  and  a  compound  of  the  structure  C^Hs.CjH^CO  :  N.CO. 
SCH,  was  formed.  Acetyl  chloride  reacted  with  the  silver  salt 
of  methyl  thioncarbanilate  in  the  cold  :  as  a  result  silver  chloride 
and  an  acetyl  derivative,  CH,CO.C,Hj :  N.CS.OCH,,  were  formed. 
With  the  object  of  obtaining  a  new  type  of  thiocarbamic  esters, 
the  behavior  of  acetyl  and  benzoylsulphocyanides  with  ethyl- 
phenylthiocarbazinates  was  investigated.  It  was  found  that  the 
thion  and  thiol  esters  do  not  behave  alike  in  this  reaction.  When 
acetyl-  or  benzoylsulphocyanide  was  mixed  with  ethyl  phenyl- 
thioncarbazinate,  hydrogen  sulphide  was  evolved,  and  a  very  un- 
stable compound  was  formed.  When  the  corresponding  thiol  de- 
rivative, however,  was  used,  no  hydrogen  sulphide  was  evolved 
and  the  compounds  united  directly  to  form  an  addition-product. 
Phenylthioncarbazinic  ester  forms  an  addition-product  with 
phenylisocyanate,  which  has  the  structure 


C.H.NH.COv  yOC.H, 

>N.NH.C^^ 


NH.Q 
C.H/  ^^S 

That  the  addition  takes  place  to  the  nitrogen  to  which  the  phenyl 
group  is  attached,  and  that  the  grouping  — NHCS.OCjHg  is  pres- 
ent was  shown  by  the  behavior  of  the  compounds  with  alkali  and 
alkyl  halides.  With  methyl  iodide  and  sodium  methylate,  di- 
phenylui;ea-imidothiolmethylethyl  carbonate  was  formed.     Under 
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the  same  conditions  ethyl  iodide  gave  an  analogous  compound  and 
a  ring-formed  compound,  which  probably  has  the  structure  of 
formula  I : 

C.H,.  N N  C.H,.  N N 

I.  I  II  II. 


C,H,N :  C        COC,H,  C.H^N  :  C         C.SCH AH* 

O  O 

With  benzyl  chloride  but  one  compound  was  formed,  and  this, 
from  the  work  on  its  structure  as  far  as  it  has  been  carried,  ap- 
pears to  have  the  structure  represented  by  formula  II.  A  study 
of  the  action  of  ethyl  chlorcarbonate  on  some  thion  and  thiol  salts  of 
carbonic  and  carbamic  acids  showed  that  no  two  of  these  salts  be- 
have alike,  and  that  the  reaction  is  very  complicated.  The  prepa- 
ration and  properties  of  a  large  number  of  compounds  are  fully 
described. 

The  Detection  of  ilethyl   Alcohol   in  Mixtures.     By  S.   P. 

MuLLiKEN  AND  Hkyward  Scuddkr.  Am,  Chem,  /.,  114,  444- 
452.— In  a  recent  article  by  Jandrier  it-'is  stated  that  the  test  for 
methyl  alcohol  proposed  by  the  authors  (this  Rev,,  5,  68),  based 
on  the  oxidation  of  the  alcohol  to  formic  aldehyde,  followed  by 
condensation-  of  the  latter  to  a  colored  derivative  of  resorcin,  is 
unreliable,  because  it  is  also  given  by  acrolein  and  is  interfered 
with  by  the  presence  of  furfurol.  To  remedy  these  defects  Jan- 
drier recommended  the  use  of  gallic  acid  in  place  of  resorcin  as 
the  reagent  for  formic  aldehyde.  A  careful  examination  by  the 
authors  of  this  modification  of  their  test  proved  that  its  use  is 
entirely  inadmissible,  notwithstanding  the  fact  that  gallic  acid  is 
a  better  reagent  for  formic  aldehyde  than  is  resorcin.  Experi- 
ments showed  that  a  great  many  compounds  besides  methyl  alco- 
hol gave  traces  of  formic  aldehyde  when  oxidized  by  means  of  hot 
copper  oxide.  It  was  impossible  to  distinguish  these  compounds 
from  methyl  alcohol  and  its  simple  derivatives  when  gallic  acid 
was  used,  but  that  this  could  be  done  when  resorcin  was  used, 
as  it  is  a  less  sensitive  reagent  for  the  aldehyde.  Detailed  direc- 
tions are  given  for  carrying  out  the  test  when  the  alcohol  is  mixed 
with  other  substances. 

On  Some  Derivatives  of  a-Nitro*/9.dinitropropionic  Alde- 
hyde. By  Joseph  Torrby,  Jr.,  and  Otis  Fisher  Black. 
Am,  Chem,  J,,  24,  452-465. — The  authors  have  carefully  studied 
the  orange-red  potassium  salt  obtained  by  Hill  and  Sanger  (^Ber, 
d,  chem,  Ges,y  15,  1906)  by  the  action  of  potassium  nitrite  on 
mucobromic  acid,  and  have  come  to  the  conclusion  that  the  sub- 
stance is  the  dipotassium  salt  of  a-nitro-/9-dinitropropionic  aldehyde. 
This  conclusion  was  reached  as  the  result  of  the  study  of  the  ac- 
tion of  aniline  on  the  compound,  and  from  its  conversion  into 
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nitromalonic  aldehyde.  The  compounds  described  are  of  unusual 
interest,  as  they  do  not  closely  resemble  other  nitro  compounds  in 
the  fatty  series.  They  are  unusually  stable,  and  the  free  nitro 
compounds  can  be  readily  obtained  from  their  salts  by  acidifica- 
tion. When  the  orange-red  salt  mentioned  above  was  treated 
with  aniline  acetate,  it  was  converted  into  the  aniline  salt  of 
a-nitro-j8-dinitropropionic  anil, 

)>C-C< 

which  decomposed  at  84^-86**.  This  salt  was  decomposed  by 
potassium  hydroxide,  and  the  dipotassium  salt  of  the  anil  was 
formed,  from  which  the  free  anil,  CH(NOJ,.CH(NOJ.CH  : 
NC.Hjj,  decomposing  at  90*^,  was  obtained  by  precipitation  with 
strong  acids.  By  boiling  the  anil  with  alcoholic  potash  the 
phenylimide  group  was  replaced  by  oxygen,  and  the  original  di- 
potassium salt  of  a-nitro-/3-dinitropropionic  aldehyde  was  ob- 
tained. This  compound  was  converted  by  heating  with  water  or 
alcohol  into  potassium  nitromalonic  aldehyde.  The  reaction 
which  takes  place  when  the  dipotassium  salt  is  treated  with  three 
molecules  of  aniline  and  an  excess  of  hydrochloric  acid  is  addi- 
tional proof  of  the  structure  here  put  forward.  Under  these  con- 
ditions there  is  produced,  quantitatively,  one  molecule  of  nitro- 
malonic aldehyde  anil  and  two  molecules  of  benzene  diazonium 
chloride,  which  are  formed  from  the  aniline  and  the  two  nitro 
groups  eliminated  from  the  trinitropropionic  aldehyde.  Methyl- 
amine  and  /-toluidine  were  found  to  react  like  aniline  with  the 
nitroaldehyde,  and  a  number  of  the  resulting  compounds  are  de- 
scribed. 

On  Paranitroorthotolylphenylsulphone  and  Some  of  Its  De- 
rivatives. By  R.  S.  Norris.  Am.  Chem,  /.,  24,  469-491.— -It 
has  been  shown  by  HoUis  (this  Rev,,  6,  96)  that,  when  the  chlo- 
ride of  /-nitro-^-sulphobenzoic  acid  is  treated  with  benzene  and 
aluminum  chloride,  but  one  of  the  chlorine  atoms  is  replaced  by 
a  phenyl  group.  As  the  product  of  the  reaction  is  readily  con- 
verted into  an  acid  by  heating  with  water,  it  must  have  one  of 
the  two  following  formulae  : 

/COCl  >CO.C,H, 

(i)  NO,.C.H3<  (2)  NO,.C.h/ 

\SO,.C,H,  ^SO,Cl 

The  work  described  in  the  present  paper  was  undertaken  to  de- 
termine which  of  these  formulae  is  correct.  A  substance  of  the 
structure  represented  by  formula  i ,  was  prepared  by  a  synthe- 
sis which  left  no  doubt  as  to  its  constitution,  and  was  found  not 
to  be  identical  with  the  compound  described  by  HoUis,  which 
must,  therefore,  have  the  structure  given  in  formula  2.    ^-Ni- 
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tro-(7-toluenesulphone  chloride  (m.  p.  44°)  was  converted  by 
means  of  benzene  and  aluminum  chloride  into  the  corresponding 
sulphone  (m.  p.  158°)  which,  in  turn,  was  oxidized  to/-nitro-<?- 
phenylsulphonebenzoicacid,C,H,(N03,)4,(SO,.C,H5)2,(COOH)i. 
This  acid  does  not  resemble  the  acid  obtained  from  the  chloride 
made  by  HoUis.  It  is  difficultly  soluble  in  watej',  melts  at  196°, 
and  forms  well-characterized  barium  and  calcium  salts,  which 
have  one  molecule  and  six  and  one-half  molecules  of  water,  re- 
spectively. This  acid  was  converted  into  its  chloride,  which 
must  have  the  structure  given  in  formula  i  above.  The  chlo- 
ride melted  at  109°,  whereas  the  chloride  obtained  by  Hollis 
melted  at  177°  ;  the  latter  must,  therefore,  have  the  structure  of 
formula  2.  As  additional  evidence,  an  attempt  was  made  to 
condense  ^-nitro-£?-cyanbenzenesulphone  chloride  with  benzene, 
with  the  intention  of  saponifying  the  resulting  nitrile,  which 
would  thus  give,  by  a  diflferent  synthesis,  /-nitro-<?-phenylsul- 
phonebenzoic  acid.  It  was  found,  however,  that  the  presence  of 
the  cyan  group  prevented  the  condensation  by  means  of  the 
Friedel  and  Crafts  reaction.  In  connection  with  the  work  the 
following-named  substances  were  prepared  :  a  sulphonic  acid  from 
/-nitro-(?-tolylphenylsulphone,  the  barium  salt  of  which  was  ana- 
lyzed ;  /-amido-(?-tolylphenylsulphone  (m.  p.  156**)  ;  and/-nitro- 
^-phenylsulphonebenzamide  (m.  p.  I9i**-i92**). 

Derivatives  of  Phenyl  Etiier.  By  A.  N.  Cook  and  H.  W. 
HiLLYER.  Am.  Chem.  /.,  24,  525-529. — 2-Nitro-4'-methyl- 
phenyl  ether,  NOj.CeH^.O.CjH^.CH,,  prepared  from  ^-bromnitro- 
benzene  and  potassium  cresolate,  melts  at  49°,  boils  at  220^  at  25 
mm.  pressure,  and  is  converted  into  2-nitrophenylether-4'-carbonic 
acid,  NOj.C,H^.O.C«H^.COOH,  when  oxidized  by  chromic  acid. 
This  acid  melts  at  182^-183°  and  gives  insoluble  salts  with  most 
of  the  heavy  metals.  2-Amino-4'-methylphenyl  ether  is  unstable, 
but  forms  a  hydrochloride,  which  melts  at  220°,  and  a  chlorplati- 
nate,  which  contains  one  and  one-half  molecules  of  water  and 
melts  at  150*^. 

A  Further  Investigation  of  the  Symmetrical  Chloride  of 
Paranitroorthosulphobenzoic  Acid.  By  W.  £.  Henderson. 
Am,  Chem,  /.,  25,  1-26. — By  a  slight  modification  of  the  method 
of  Remsen  and  Gray  {ihis  Rev.,  3,  155)  the  symmetrical  chloride 
of  ^-nitro-i?-sulphobenzoic  acid  (m.  p.  98°)  was  obtained  in  pure 
condition,  with  an  average  yield  of  40  per  cent,  of  the  theoretical 
quantity.  The  compound  forms  large  monoclinic  crystals,  which 
were  measured.  When  the  chloride  was  treated  with  benzene 
and  aluminum  chloride,  but  one  chlorine  atom  was  replaced  by 
the  phenyl  group.  The  resulting  compound— /-nitro-(7-benzoyl- 
benzenesulphone  chloride  (m.  p.  177°) — ^was  identical  with  the 
product  obtained  from  the  unsymmetrical  chloride  under  the 
same  circumstances.     The  chloride  was  converted  into  an  acid,  of 
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which  the  barium  salt  was  prepared.  This  salt  has  been  shown 
by  Mollis  {this  Rev,,  6,  96)  to  unite  with  different  quantities  of 
water  of  crystallization,  under  varying  conditions.  It  is  shown 
by  the  author  that  if  the  solution  of  the  salt  is  boiled  with  bone- 
black  and  all  coloring-matter  is  removed,  but  one  hydrate,  whidi 
contains  7  molecules  of  water,  can  be  formed.  With  methyl  and 
ethyl  alcohols  the  chloride  yielded  the  acid  esters  of  ^-nitro-^- 
sulphobenzoic  acid.  With  ethyl  alcohol  the  unsymmetrical  chlo- 
ride was  converted  into  the  chloride  of  the  acid  ethyl  ester  of  the 
sulphobenzoic  acid.  With  phenols  the  symmetrical  chloride  gave 
two  series  of  derivatives.  With  monohydroxyphenolsboth  esters 
and  sulphophthaleins  were  formed,  the  former  being  produced  in 
larger  quantities.  The  esters  prepared  from  phenol,  {?-cresol,  and 
/-cresol  melted  at  119°,  90°,  and  117°,  respectively.  With  poly- 
hydroxyphenols  no  esters  were  obtained,  but  compounds  of  the 
unsymmetrical  type,  usually  containing  more  than  two  phenol 
residues,  were  formed.  When  the  chloride  and  aniline  were 
brought  together  in  chloroform  solution,  the  symmetrical  anilide 
(m.  p.  222°)  and  the  anil  (m.  p.  183°)  were  formed.  In  ethereal 
solution,  in  the  presence  of  potassium  carbonate,  but  one  anilido 
group  was  introduced.  The  resulting  acid  was  converted  into  its 
barium  salt,  which  was  analyzed.  By  the  action  of  phosphorus 
oxychloride  the  anilide  was  converted,  by  loss  of  one  molecule  of 
water,  into  a  dianil  (m.  p.  208°).  This  dianil  is  changed  by 
glacial  acetic  acid  into  an  unsymmetrical  anilide,  which  does  not 
melt  or  decompose  at  340°.  When  heated  with  hydrochloric  acid, 
aniline  was  split  off  and  the  anil  was  formed. 

The  Action  of  Sulphuric  Acid  on  Phenetol.  By  Wii^uam  B. 
ScHOBER  AND  Henry  L.  Bowers.  Am,  Chem.J,,  25,  69-77. — 
Phenetol  was  heated  with  concentrated  sulphuric  acid  under  vary- 
ing conditions  of  concentration,  time  of  heating,  and  tempera- 
ture. ^-Phenetolsulphonic  acid  was  formed  in  every  case  when 
the  reaction  took  place  at  temperatures  varying  from  21°  to  90°. 
The  amount  of  the  acid  which  was  isolated,  decreased  the  longer 
the  substances  were  heated  at  90°.  The  best  yield  was  obtained 
when  equal  weights  of  sulphuric  acid  and  phenetol  were  heated 
at  90°  for  thirty  minutes.  From  15  grams  of  phenetol  16.5 
grams  of  the  /-sulphonamide  were  obtained.  w-Phenetol- 
sulphonic  acid  was  formed  in  small  quantities  in  most  of  the  ex- 
periments. A  minute  quantity  of  the  disulphonic  acid  was  pro- 
duced when  phenetol  was  heated  at  85°,  for  thirty  minutes  with 
fuming  sulphonic  acid. 

On  Triphenylchlormethane.  By  James  P.  Norris  and 
Warren  W.  Sanders.  Am,  Chem.  /.,  25,  54-62. — When  a 
carbon  disulphide  solution  of  carbon  tetrachloride  and  benzene  in 
the  proportions  of  one  molecule  of  the  former  to  four  molecules  of 
the  latter  was  treated  with  aluminum  chloride,  care  being  taken 
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to  prevent  a  rise  in  temperature,  a  reaction  took  place,  which  was 
complete  in  twenty-four  hours.  As  the  result,  a  well-crystallized 
compound  of  the  formula  Al,Cl,.2(C,Hj),CCl  was  formed.  This 
compound  was  decomposed  by  water,  and  when  the  temperature 
was  kept  at  o*^,  97  per  cent,  of  the  theoretical  yield,  calculated 
from  the  carbon  tetrachloride  used,  was  obtained.  In  an  attempt 
to  make  tetraphenylmethane,  an  ethereal  solution  of  triphenyl- 
chlormethane  and  brombenzene  was  treated  with  sodium.  Among 
the  products  of  the  reaction  was  a  substance  which  resembled 
closely  triphenylmethyl  peroxide,  which  has  recently  been  de- 
scribed byGomberg  (this  Rev.,  7,  6).  The  authors  propose  to 
investigate  the  action  of  sodium  on  triphenylchlormethane,  as  pre- 
liminary experiments  indicated  that  under  certain  circumstances 
these  substances  react,  notwithstanding  the  fact  that  previous 
observers  have  found  that  they  do  not  react. 

On  Triphenylchlormethane.  By  M.  Gomberg.  J,  Am.  Chem. 
Soc,  23,  109-110. — The  author  calls  attention  to  the  fact  that 
his  work  on  triphenylchlormethane,  which  has  been  recently 
published  {this  Rev.,  7t  6),  was  probably  completed  before  the 
work  mentioned  in  the  preceding  review  was  begun.  As  stated 
above,  Norris  and  Sanders  found  that  sodium  reacted  with  tri- 
phenylchlormethane. The  author,  in  an  earlier  investigation, 
found  that  no  reaction  took  place  when  these  substances  were 
brought  together  in  benzene  solution,  and  now  expresses  a  regret 
that  Norris  and  Sanders  propose  to  investigate  the  subject  farther, 
as  he  is  continuing  his  investigations  on  triphenylmethyl. 
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ULTIMATE  ANALYSIS. 
H.  P.  Talbot,  Reviewer. 

The  Composition  and  Analysis  of  London  Purple.     Bv  J.  K. 

Haywood.  J.  Am.  Chem.  Soc,  22,  800-810. — Procedures  are 
described  for  the  determination  of  moisture,  total  arsenious  and 
arsenic  acids,  total  calcium,  and  also  for  soluble  arsenious  acid 
and  soluble  calcium,  and  ' '  other  inorganic  matters.  * '  The  author 
concludes  that  the 'arsenic  and  arsenious  acids  and  calcium  are 
usually  combined  as  normal  calcium  arsenite  and  arsenate  in  the 
London  purple,  but  that  compounds  corresponding  to  the  sym- 
bols CaHAsO,  and  CajAs^Oj  are  occasionally  present. 

Kilgore's  Modification  of  the  Volumetric  flethod  of  Estima- 
ting Phosphoric  Acid.  By  C.  B.  Williams.  /.  Am.  Chem. 
Soc,  23,  8-12. — The  author  finds  the  Kilgore  procedure  highly 
satisfactory,  on  the  side  of  both  rapidity  and  accuracy.  The 
procedure  is  described  in  detail. 
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A  riethod  of  Preparing  Normal,  Seminormal,  Decinormal, 
Etc.,  Sulphuric  Acid  of  Exact  Streng^th.  By  Richard  K. 
Meade.  /.  Am,  Ckem.  Soc,,  23,  12-15. — Pure,  crystallized  cop- 
per sulphate  is  dissolved  in  water,  and  the  copper  deposited  upon 
a  cathode  of  copper  foil.  The  resulting  solution  of  sulphuric 
acid,  which  was  found  to  be  free  from  copper  after  being  subjected 
to  a  current  of  1.5  amperes  for  eight  hours,  is  diluted  to  the  re- 
quired volume. 

Soluble  Arsenious  Oxide  in  Paris  Qreen.  Preliminary  Re- 
port. By  S.  Avery  and  H.  T.  Beans.  /.  Am,  Chem,  Soc, ,  23, 
111-117. — The  authors  find  that  the  term  ''soluble  arsenious 
oxide'*  as  applied  to  Paris  green  is  of  doubtful  significance,  since 
the  material,  especially  in  a  finely  divided  condition,  undergoes 
hydrolysis  when  suspended  in  water,  as  a  result  of  which 
arsenious  acid  passes  into  aqueous  solution,  the  amount  increas- 
ing to  a  maximum  with  the  time  of  exposure.  This  point  is  as- 
sumed to  represent  a  state  of  equilibrium,  but  it  is  only  reached 
after  weeks  of  standing.  Carbon  dioxide  is  found  to  greatly  pro- 
mote the  decomposition  of  the  Paris  green,  and  this  constituent  of 
the  atmosphere  may  very  well,  under  certain  atmospheric  condi- 
tions, cause  a  fair  sample  of  the  insecticide  to  exhibit  the  proper- 
ties of  a  sample  containing  much  more  than  the  four  per  cent,  of 
"  soluble  arsenious  acid,"  which  is  fixed  upon  as  a  maximum  al- 
lowable quantity  by  Hilgard  and  others.  Compare  this  Rev, ,  6, 
168,  and  7,  34. 


QEOLXKIICAL  AND  HINERALOGICAL  CHEMISTRY. 

W.  O.  Crosby,  Rbvibwbr. 

Reconnaissance  of  the  Qoid  Fields  of  Southern  Alaska,  with 
Some  Notes  on  General  Qeology.  By  Georgb  F.  Beckbr.  U, 
S,  Geol,  Survey,  Ann,  Rep.,  18,  Part  j,  1-86. — The  active  or  re- 
cently active,  Alaskan  volcanoes  are  described  at  some  length. 
The  most  modern  methods  are  applied  in  the  distinction  of  the 
feldspars  in  the  Alaskan  rocks  ;  and  the  petrographic  descriptions 
are  accompanied  by  numerous  chemical  analyses,  chiefly  by  Hil- 
lebrand,  including  the  Alaska-Treadwell  syenite,  Karluk  diorite, 
pyroclastic  diorite,  gabbro,  andesite,  dacite,  and  other  lavas. 

Geology  of  the  Yukon  Qold  District,  Alaska.  By  Josiah 
Edward Spurr.  U,  S,  Geol.  Survey,  Ann,  Rep,,  18,  Parts,  87- 
392". — This  long  paper,  with  an  historical  introduction  by  Harold 
B.  Goodrich,  is  the  most  complete  and  elaborate  account  of  the 
geology,  both  theoretic  and  economic,  of  the  famous  Klondike 
region,  which  has  yet  appeared.  The  geological  formations,  both 
sedimentary  and  eruptive,  are  described  in  great  detail,  but  the 
descriptions  are  not  accompanied  by  analyses.     Following  this 
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section  is  an  important  chapter  on  the  movements  in  the  earth's 
crust,  after  which  the  modes  of  occurrence  of  the  valuable  metals 
in  solid  rocks  are  described  and  discussed,  with  some  assays  and 
other  chemical  notes.  The  interest  of  this  chapter  culminates  in 
the  section  on  the  genesis  of  auriferous  quartz  veins,  in  which  the 
author  accepts  the  view  of  a  perfect  gradation  between  veins  and  1 

igneous  rocks,  recognizing  pegmatite  as  a  true  intermediate  type,  \ 

the  product  of  the  equal  cooperation  of  heat  and  water.  The 
various  theories  of  rock  differentiation  are  discussed  ;  the  source 
of  the  gold  is  found  in  the  igneous  rocks,  in  which,  however,  be- 
cause of  the  viscosity  of  the  magmas,  it  fails  of  concentration  ; 
but  in  passing  from  igneous  through  aqueo-igneous  to  aqueous 
conditions  the  magmas  become  progressively  more  fluid  ;  and  the 
auriferous  quartz  vein  is  thus  shown  to  be  the  normal  final  prod- 
uct, or  the  end  term  of  the  lithologic  series.  The  important  chap- 
ter on  the  placer  deposits  discusses  the  origin  of  the  placer  gold, 
only  to  accept  its  mechanical  derivation  from  the  rock  formations 
and  to  reject  the  hypothesis  that  it  is  due  in  any  appreciable  de- 
gree to  chemical  deposition  in  the  gravels.  The  brief  account  of 
coal  in  the  neighborhood  of  the  gold  belt  contains  two  partial 
analyses  by  H.  N.  Stokes,  which  show  the  coals  to  be  hard  lig- 
nites. 

Some  Coal  Fields  of  Puget  Sound.  By  Bailky  Willis.  U. 
S.  GeoL  Survey i  Ann,  Rep,,  i8,  Part  j,  393-436. — This  paper  is 
essentially  stratigraphic  and  structural,  with  no  details  as  to  the 
composition  or  chemical  relations  of  either  the  coals  or  the  asso- 
ciated rocks.  It  is  stated  in  the  introduction,  however,  that  the 
coals  vary  from  lignites  containing :  moisture  8  to  12,  volatile 
hydrocarbons  35  to  45,  and  fixed  carbon  30  to  45  per  cent.,  to 
bituminous  lignites  or  steam  coals,  in  which  the  moisture  is  re- 
duced to  5  per  cent,  or  less,  and  the  fixed  carbon  ranges  from  40 
to  50  per  cent.,  or  to  bituminous  coking  coals  containing  moisture 
I  to  3,  volatile  hydrocarbons  25  to  35,  fixed  carbon  50  to  60  per 
cent.  The  ash  of  these  coals  is  frequently  as  much  as  10  per 
cent. 

Qeology  and  flineral  Resources  of  the  Judith  Mountains  of 
riontana.  By  Walter  Harvey  Weed  and  Louis  Valentine 
PiRSSON.  £/.  S,  Geo/,  Survey,  Ann.  Rep.,  18,  Partj,  437-616. 
— ^The  elaborate  stratigraphic  and  structural  sections  making  up 
the  main  part  of  this  paper  are  followed  by  a  chapter  by  Pirsson 
on  the  igneous  rocks,  which  embrace  only  a  few  acid  types  of 
simple  mineral  composition,  belonging  to  the  granite,  syenite, 
and  phonolite  families.  For  the  tinguaites  of  the  phonolite  family 
eight  analyses  are  quoted,  from  which  the  mineral  composition  is 
deduced.  The  chapter  on  dynamic  and  structural  geology  dis- 
cusses the  forms  and  origin  of  the  laccolites,  in  which  the  igneous 
rocks  chiefly  occur,  and  the  concluding  chapter  on  the  mineral 
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resources  notes  that  the  ores  are  chiefly  gold,  original  tellurides 
now  altered  by  oxidation,  with  fluorite  as  a  prominent  gangue 
mineral,  and  with  a  general  resemblance  to  the  Cripple  Creek  de- 
posits. The  paper  closes  with  four  analyses  of  the  Judith  Moun- 
tain Coals,  which  are  shown  to  belong  to  the  splint  and  cannel 
varieties  and  to  be  of  excellent  quality. 

A  Qeological  Sketch  of  5an  Clemente  Island.  By  William 
Sidney  Tangier  Smith.  U.  S,  GeoL  Survey,  Ann,  Rep,,  18, 
Part  2,  459-496. — San  Clemente  is  built  up  almost  entirely  of 
lava  flows,  with  intercalated  volcanic  breccias  and  ash  deposits. 
The  prevailing  volcanic  is  normal  pyroxene-andesite,  ranging  in 
chemical  composition  from  basic  to  acid.  But  the  youngest  lavas 
include  dacite  and  rhyolite,  containing;  respectively,  67  and  70 
per  cent,  of  silica.  Four  analyses,  two  by  the  author  and  two  by 
W.  O.  Smith,  give  the  composition  of  the  rhyolite  and  dacite,  ' 
and  less  completely  of  two  types  of  the  andesite,  one  with  and  the 
other  without  iddingsite.     The  analyses  are  not  discussed. 

The  Mining  Districts  of  the  Idaho  Basin  and  the  Boise  Ridge, 
Idaho.  By  Waldemar  Lindgren.  U,  S,  GeoL  Survey,  Ann, 
Rep,,  18,  Part  j,  617-719. — The  ores  in  which  gold  values  pre- 
dominate are  only  in  part  free  milling  ;  and  they  all  occur  in 
granite  or  associated  dikes.  The  granite  country  rock  is  exten- 
sively altered  in  the  vicinity  of  the  veins,  and  two  analyses  by 
George  Steiger,  of  fresh  and  altered  material,  show  the  degree 
and  character  of  the  alteration,  in  which  atmospheric  agencies 
have  played  no  part.  From  the  analyses  the  mineral  compositions 
are  deduced,  and  a  comparison  of  these  is  very  instructive,  as 
showing  how  comparatively  slight  chemical  changes  may  corre- 
spond to  a  mineralogical  revolution,  the  complete  replacement  of 
the  original  biotite  and  feldspars  by  sericite  being  the  most  stri- 
king feature  of  the  change.  The  detailed  descriptive  chapters  em- 
body some  assays  of  the  ores,  and  data  with  regard  to  the  fineness 
of  the  gold  are  given  for  each  district. 

Preliminary  Report  on  the  Mining  Industries  of  the  Tellu- 
rlde  Quadrangle,  Colorado.  By  Chester  Wells  Purington. 
U,  S,  GeoL  Survey,  Ann,  Rep,,  18,  Part 3,  745-848. — The  chem- 
istry of  this  paper  begins  with  the  chapter  on  the  ore,  in  which  a 
list  of  the  ore  and  gangue  minerals  and  their  distribution  is  fol- 
lowed by  descriptions  with  notes  upon  the  composition  and  origin 
of  the  species.  The  distribution  of  the  ores  and  minerals  in  the 
veins,  the  manner  of  deposition,  the  influence  of  the  country  rock 
on  the  values  in  the  veins,  the  origin  of  the  ore,  the  age  of  the 
deposits,  surface  alteration,  water-level,  and  the  auriferous  im- 
pregnation of  Silver  Mountains,  are  important  sections  for  the 
student  of  ore  deposits  and  chemical  geology.  They  embrace 
several  miscellaneous  analyses. 
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The  Slate  Belt  of  Eastern  New  York  and  Western  Vermont. 

By  T.  Nei^on  Dale.  U,  S.  GeoL  Survey,  Ann.  Rep,,  19,  Part 
S>  153-307.— This  is  a  very  complete  and  well  illustrated  paper 
on  one  of  the  most  important  slate  districts  of  North  America. 
Although^  it  is,  necessarily,  in  the  main,  a  structural  and  eco- 
nomic study,  the  fine  series  of  exhaustive  analyses,  chiefly  by  W. 
F.  Hillebrand,  make  this  a  very  notable  contribution  to  the  chem- 
istry of  the  roofing  slates.  The  analyses,  some  twenty  in  num- 
ber, and  consisting,  each,  of  from  twenty  to  twenty-five  deter- 
minations, include  especially  the  **sea-green,"  **unfading green,'* 
purple  and  variegated,  red,  bright  green,  and  blaxrk  slates,  and 
the  green  spots  in  the  red  slates.  In  addition,  nine  analyses  are 
quoted  for  the  slates  of  other  regions.  The  chemical  constituents 
of  the  roofing  slates  are  shown  to  be  referable  to  about  ten  dis- 
tinct minerals.  The  paper  closes  with  an  appendix  by  Hille- 
brand, discussing  especially  the  fading  of  some  of  the  green 
slates,  which  he  attributes  mainly  to  the  solution  of  a  complex 
carbonate  of  calcium,  magnesium,  manganese,  and  iron.  This 
carbonate  is  shown  to  be  the  most  variable  constituent  of  the 
slates,  and  the  elimination  of  this,  together  with  the  apatite  and 
pyrite,  from  the  analyses  makes  them  much  more  accordant. 
The  green  spots  in  the  slates  are  shown  to  be  richer  in  this  com- 
plex carbonate,  silica  or  quartz,  pyrite,  rutile,  and  tourmaline 
than  the  surrounding  slates,  and  poorer  in  hematite,  and  to  be 
unquestionably  due  primarily,  as  hitherto  supposed,  to  the  redu- 
cing action  of  decaying  organic  matter  upon  the  ferric  oxide. 

The  Coos  Bay  Coal  Field,  Oregon.  By  J.  S.  Diller.  <7.  S, 
Geo/,  Survey,  Ann,  Rep,,  i9fParij,^og-^'j6, — ^This  is  almost 
exclusively  a  structural  study  ;  but  the  author  gives  us,  without 
discussion,  thirty-two  analyses  of  the  coals,  chiefly  by  George 
Steiger  ;  and  the  supplementary  chapters  by  William  C.  Day  on 
the  coal  and  pitch  coal  of  the  Newport  Mine  gives  additional  ana- 
lytical results,  from  which  the  author  concludes  that  the  pitch 
coal  has  been  formed  after  the  manner  of  asphalts  and  that  it  is  a 
true  asphalt. 

The  Titanilerous  Iron  Ores  of  the  Adirondacks.  By  James 
FuRMAN  Kemp.  [/,  S.  Geo/.  Survey,  Ann.  Rep.,  ig^  Part  j, 
377-422. — Upon  the  study  embodied  in  this  paper  was  based  the 
author's  review  of  the  titaniferous  magnetites  of  the  world,  pre- 
viously noticed  in  this  Journal.  We  here  find  the  New  York  ores 
more  fully  considered,  with  detailed  descriptions  of  the  ore  forma- 
tions and  mines,  and  maps  and  other  illustrations  ;  but  the  analy- 
ses, nearly  forty  in  number,  and  the  chemical  discussion  are  es- 
sentially the  same. 

Geology  of  the  ilcAlester-Lehigh  Coal  Field,  Indian  Terri- 
tory.    By  Joseph  A.  Tafp.     [/.  S.  Geo/.  Survey,  Ann.  Rep., 
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19,  Part  J,  423-456. — The  carboniferous  strata  of  this  district 
form  a  series  of  rather  deep  synclinal  folds  or  basins  and  the  two 
productive  coal  beds  occur  in  the  McAlester  shale,  which  has  a 
thickness  of  2,000  feet.  The  Hartshome  coal  is  at  the  base  of 
the  shale  and  the  McAlester  coal  is  700  feet  below  the  top  of  the 
shale,  1300  feet  of  coal  separating  the  two  seams,  each  of  which 
averages  about  four  feet  in  thickness.  The  coals  of  this  field  are 
all  highly  bituminous,  the  volatile  matter  being  in  no  instance 
less  than  37  per  cent.,  and  the  fixed  carbon  averaging  about  52 
per  cent.  The  moisture  is  low,  averaging  about  2  per  cent. ,  and 
the  sulphur  and  ash  are  rarely  excessive.  Five  proximate  analy- 
ses by  W.  F.  Hillebrand  are  given. 

Iron  Ores.  By  John  Birkinbine.  U,  5.  GeoL  Survey,  Ann, 
Rep,,  19,  Part  6,  23-63. — This  annual  statistical  account,  or  sum- 
mary of  exploitation  and  production,  of  the  iron  ores  of  the  Uni- 
ted States  for  1897  embodies  a  few  new  analyses.  These  include 
one  analysis  of  the  shipping  ore  of  the  Tilly  Foster  Mine,  one 
analysis  of  the  raw  ore  of  the  Cornwall  Mine,  nearly  two  hun- 
dred analyses  of  the  Lake  Superior  ores  from  the  Gogebic,  Mar- 
quette, Menominee,  Mesabi,  and  Vermilion  ranges,  and  three 
analyses  of  the  Red  Mountain  ores  of  Alabama. 

Manganese  Ores.  By  John  Birkinbine.  U.  S,  Geol,  Survey, 
Ann,  Rep.,  19,  Part  6,  91-125. — This  is  a  general  account  for 
1897  of  the  manganese  ores  of  the  world.  The  analyses  are  a 
very  secondary  feature  ;  but  five  analyses  are  given  of  the  ore 
mined  near  Vesuvius,  Virginia,  one  analysis  of  a  French  ore,  two 
of  Russian  ore,  one  of  a  Spanish  ore,  and  four  of  Japanese  ores. 

Asphaltum.  By  Edward  W.  Parker.  U,  S.  Geol,  Survey, 
Ann,  Rep.,  19,  Part  6,  187-204. — This  general  account  of  the 
domestic  production  and  imports  of  asphaltum  for  1897  contains 
two  analyses  of  the  asphaltum  from  the  mines  of  Santa  Barbara 
and  Ventura  Counties,  California. 

Stone.  By  William  C.  Day.  U.  S.  Geol,  Survey,  Ann, 
Rep.,  19,  Part  6,  205-309.— 'This  somewhat  elaborate  account  of 
the  production  of  building  and  decorative  stones  in  the  United 
States  for  1897  fairl}"  bristles  with  the  results  of  tests  and  analy- 
ses. Among  the  stones  of  which  numerous  analyses  are  given 
are  granite,  trap,  marble,  slate,  sandstone,  limestones,  and  lime, 
all  of  these  being  represented  by  specimens  from  a  large  number 
of  localities. 

The  Kaolins  and  Fire  Clays  of  Europe.  By  Heinrich  Ries. 
U.  S,  Geol,  Survey,  Ann.  Rep,,  ig, Part  6,  377-467.— This  paper 
is  crowded  with  analyses,  mainly  quoted  but  partly  new,  and  in 
part  of  American  materials  for  comparison  with  the  foreign. 


92  Review  of  American  Chemical  Research, 

The   Clay-Workins:  Industry  of  the  United  States  in  1897. 

By  Heinrich  Ries.  U,  S,  GeoL  Survey,  Ann.  Rep.,  19,  Pari 
6,  469-489. — This  brief  review  of  a  great  industry  is  chiefly  chem- 
ical, embodying  more  than  one  hundred  and  fifty  analyses,  a  large 
proportion  of  which  had  not  been  previously  published. 

Portland  Cement.  By  Spencer  B.  Newberry.  U.  S.  GeoL 
Survey,  Ann,  Rep.,  19,  Part  6,  487-494. — The  only  original 
chemical  contribution  in  this  paper  is  an  analysis  of  a  nearly  pure 
calcareous  marl  from  Syracuse,  Indiana,  which  it  is  proposed  to 
use  for  cement  manufacture  on  a  large  scale. 

Abrasive  Haterials.  By  Edward  W.  Parker.  U.  S,  GeoL 
Survey,  Ann,  Rep,,  19,  Part  6,  515-533. — The  descriptions  of 
new  occurrences  and  the  statistics  of  production  of  the  various 
abrasives  are  supplemented,  in  the  case  of  pumice,  by  five  analy- 
ses of  pumice  from  Utah  and  Nebraska. 

Phosphate  Rock.  By  David  T.  Day.  U.  S,  GeoL  Survey, 
Ann,  Rep,,  19,  Part  6,  535-556. — Five  new  analyses  by  L.  P. 
Brown  of  the  phosphate  rock  of  Tennessee  are  given,  with  one 
analysis  for  comparison  of  the  unaltered  limestone  from  which  the 
phosphate  rock  is  derived  by  differential  erosion — solution  of  the 
calcium  carbonate. 

Memorandum  on  the  nineral  Resources  of  the  Philippine 
Islands.  By  George  F.  Becker.  U,  S,  GeoL  Survey,  Ann, 
Rep.,  19,  Part  6,  687-693. — This  paper  consists  of  very  brief 
notes  on  coal,  gold,  copper,  etc.  ;  and  for  the  coal,  which  is  sup- 
posed to  be  all  of  Tertiary  age,  and  is  described  as  a  highly  car- 
bonized lignite,  a  single  analysis  is  given,  showing  :  water,  13.52  ; 
volatile  matter,  37.46  ;  fixed  carbon,  44.46  ;  ash,  4.56  ;  total, 
100.00  per  cent. 

The  Qold  and  Silver  Veins  of  Silver  City,  De  Lamar  and 
Other  nining  Districts  in  Idaho.  By  Waldemar  Lindgren. 
U,  S.  GeoL  Survey,  Ann,  Rep,,  20,  Part  j,  75-256. — This  eco- 
nomic monograph  supplements  that  in  the  Eighteenth  Annual 
Report  on  Boise  Ridge  and  Idaho  Basin,  the  chief  igneous 
rocks,  besides  the  Columbia  volcanics,  are  the  granites,  of  which 
four  complete  analyses  are  given.  The  analyses  are  also  recalcu- 
lated to  show  the  molecular  proportions  of  the  constituents  and 
the  probable  mineralogical  composition.  The  quartz  (28  to  29 
per  cent. )  is  regarded  as  too  low  for  a  normal  granite,  and  the 
ratio  of  the  soda-lime  to  the  potash  feldspar  (3:1)  too  high. 
Accordingly,  while  retaining  '*  granite"  as  a  general  designation, 
the  author  assigns  the  rock  a  position  between  the  granodiorites 
and  the  quartz-monzonites.  Passing  to  the  mineral  deposits,  the 
filling  of  the  fissures  by  ascending  thermal  solutions  is  regarded 
as  proved  by  compact  siliceous  spring  deposits  with  vegetable  re- 
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mains  and  containing  gold  and  silver  ;  and  especially  by  the 
alteration  of  the  wall  rock.  Impregnation  and  replacement  of 
the  wall  have  not,  in  general,  however,  yielded  much  ore  of 
working  grade.  Many  different  types  of  veins  are  recognized  in 
the  district,  and  the  mineralogical  and  other  characters  of  each 
are  indicated.  The  detailed  descriptions  of  the  mines  include 
many  assays  and  analyses  of  the  ores  and  associated  gangues  and 
country-rocks.  Of  special  interest  among  the  gangue  materials 
is  orthoclase,  which,  although  of  rare  occurrence  in  metalliferous 
veins,  is  a  prominent  feature  of  some  of  the  veins  at  Silver  City. 
The  analysis  shows  it  to  be  a  very  pure  potash  feldspar.  It  be- 
longs to  the  variety  adularia  ;  but  to  distinguish  orthoclase  in 
the  gangue  from  that  in  the  wall-rock  the  author  proposes  for  the 
former  Breithaupt's  old  name  valencianite.  The  alteration  of  the 
wall-rocks — granite,  basalt,  rhyolite,  etc. — by  hydrothermal  ac- 
tion is  discussed  at  length,  with  numerous  complete  analyses. 
The  chemical  work  embodied  in  this  monograph  has  been  done 
chiefly  by  Messrs.  Hillebrand,  Stokes,  and  Steiger. 

Qeology  of  the  Little  Rock  riountains,  flontana,  with  Notes 
on  the  Mineral  Deposits  of  the  Neikart»  Barker,  Yogo,  and 
Other  Districts.  By  Walter  Harvey  Weed.  U,  S,  GeoL 
Survey^  Ann,  Rep,y  20,  Parts,  257-461. — This  is  another  elabo- 
rate economic  monograph ;  but  unlike  the  preceding  paper,  it 
embodies  but  little  chemical  work  ;  and  the  only  thing  demand- 
ing special  mention  is  an  analysis  of  a  complex  carbonate,  which 
is  probably  a  mixture  of  rhodocrosite  and  ankerite.  It  occurs 
abundantly  as  a  part  of  the  gangue  of  the  Neikart  veins. 

Petrography  of  the  igneous  Rock^  of  the  Little  Belt  Moun- 
tains, Montana.  By  L.  V.  Pirsson.  U,  S,  Geol,  Survey,  Ann, 
Rep,,  20,  Part  s,  463-581. — This  monograph  supplements  the 
preceding,  and  includes  the  chemical  analyses  and  discussions 
properly  belonging  to  a  complex  petrographic  study.  The  nu- 
merous analyses,  partly  original,  by  Hillebrand,  the  author, 
and  others,  and  partly  quoted  for  comparison,  embrace  sye- 
nites, monzonites,  diorites,  granite-syenite-aplite,  granite-por- 
phyry, syenite-porphyry,  diorite-porphyry,  diorite-syenite-por- 
phyry,  rhyolite,  minettes,  analcite-basalts,  and  lamprophyres. 
These  rocks  occur  chiefly  in  the  form  of  laccoliths,  and  an  at- 
tempt is  made,  by  generalizing  the  chemical  and  mineralogical 
composition  of  the  six  principal  laccoliths;  to  throw  some  light 
upon  the  genetic  or  magnetic  relations  of  the  rocks.  Individually, 
the  laccoliths  are  not  differentiated,  which  is  accounted  for  by  the 
acidity  and  viscosity  of  the  magma  at  the  time  of  its  intrusion. 
Chemical  composition  is  found  to  be  a  much  more  important  fac- 
tor than  depth  in  determining  the  texture  or  grain  of  the  rocks. 
A  similar  study  of  the  stocks  and  massives  shows,  in  one  instance 
(Yogo  Peak),  a  marked  radial  differentiation,  so  that  we  pass  out- 
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ward  from  a  center  of  acid  syenite  through  intermediate  types  to 
a  periphery  of  shonkinite,  a  very  basic  rock.  The  nature  and 
cause  of  this  gradation  are  discussed  ;  and  the  aplitic  dikelets  in- 
tersecting the  basic  exterior  are  shown  to  find  a  ready  explana- 
tion in  the  injection  of  shrinkage  cracks  by  the  magma  residuum. 

Iron  Ores.  By  John  Birkinbine.  U.  S.  GeoL  Survey,  Ann. 
Rep.,  20,  Parts,  27-59. — This  general  statistical  account  of  the 
exploitation  and  production  of  iron  ores  in  the  United  States  in 
1898  embodies  about  one  hundred  and  fifty  complete  cargo  analy- 
ses of  the  Lake  Superior  ores,  including  the  Gogebic,  Marquette, 
Menominee,  Mesabi,  and  Vermilion  ranges.  The  analyses  of  the 
ores  in  their  natural  state  gave  percentage  results  which  are  sum- 
marized as  to  metallic  iron  and  water  as  follows  : 

Range.  Iron.  Moisture. 

Marquette 66.8    1039.26  0.43  to  16.68 

Menominee 60.62  "  39.46  2.51  "  iijoo 

Gogebic 60.56  **  44.83  8.24  **  14.34 

Vermilion 66.67  "  5506  1.04"    8.38 

Mesabi 60.77  "  5i»5o  6.94  "  12.54 

This  summary  shows  that  comparatively  few  Lake  Superior  ores 
contain  in  their  natural  state  60  per  cent,  or  more  of  metallic 
iron,  and  that  the  richer  ores  are  practically  confined  to  the  Mar- 
quette and  Vermilion  ranges,  where  some  ores  approach  67  per 
cent,  of  iron.  But  the  ores  are  marketed  upon  analyses  made 
after  drying  at  212®  F.,  and  comparatively  few  are  shipped  which 
show  on  this  basis  less  than  60  per  cent,  of  metal.  The  leaner 
ores  indicated  by  the  minima  of  the  table  have  some  special  value, 
either  because  of  very  low  phosphorus  content,  the  manganese 
they  carry,  or,  because  being  highly  siliceous  and  cheaply  mined, 
they  form  desirable  mixtures  with  low  silica  ores.  The  conclu- 
ding section,  on  the  Montana  iron  ores,  contains  several  analyses 
of  the  ores  of  prospective  iron  mines  on  Judith  and  Fox  moun- 
tains. 

ilanganeM  Ores.  By  John  Birkinbinb.  U.  S.  Geol.  Sur- 
vey, Ann.  Rep.,  20»  Part  6,  125-158. — This  paper,  like  the  pre- 
ceding, is  a  summary  of  discovery,  exploitation,  and  production 
for  1898  ;  but  three  analyses  are  given  of  Lake  Superior  manga- 
niferous  iron  ores,  showing  from  4.50  to  7.40  per  cent,  of  man- 
ganese ;  eight  analyses  of  manganese  ores  from  Santiago,  Cuba ; 
five  analyses  of  manganese  ores  from  Chili  ;  and  the  paper  con- 
cludes with  a  summary  of  the  mineralogical  and  chemical  charac- 
teristics of  manganese  ores. 

Asphaltum  and  Bituminous  Rock.  By  Edward  W.  Parkbr. 
U.  S.  Geol.  Survey,  Ann.  Rep.,  20,  Part  6,  251-268. — This  an- 
nual statistical  summary  of  the  exploitation  and  production  of 
asphaltum  for  1898  contains  the  results  of  an  investigation  by 
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William  C.  Day,  of  a  new  solid  asphalt  from  Utah,  known  as 
nigrite  on  account  of  its  intensely  black  color.  The  nigrite  forms 
a  fissure  vein  and  is  said  to  bear  no  relation,  geologically  or  other- 
wise, to  the  small  deposits  of  ozocerite  found  in  the  vicinity.  In 
its  mode  of  occurrence  it  resembles  gilsonite  and  wurtzilite,  but 
has  none  of  the  vulcanite  qualities  of  the  latter  nor  the  pitchy, 
easy  fluxing  character  of  the  former.  Three  analyses  are  given, 
showing  the  proportions  of  volatile  matter,  fixed  carbon,  and  asl>, 
and  also  of  carbon,  hydrogen,  nitrogen,  and  sulphur,  and  the  sol- 
ubilities in  various  solvents.  Nigrite  differs  from  all  other 
asphalts  in  grinding  to  a  shining  black  instead  of  a  dull  brown 
powder.  Its  solubility  is  low  and  it  cannot  be  entirely  melted. 
The  volatile  matter  is  high,  but  less  volatile  than  for  ordinary 
asphalts.  The  theory  that  nig^te  was  formed  by  distillation, 
that  is,  by  the  passage  of  steam  through  an  oil,  thus  depriving  it 
of  the  most  volatile  constituents,  while  subsequent  heating  of  the 
residue  converted  it  into  the  nigrite,  as  found,  is  fully  confirmed 
by  experiments. 

Stone.  By  William  C.  Day.  U,  5.  GeoL  Survey,  Ann, 
Rep, ,  ao,  Parts,  269-464. — This  is  the  annual  statistical  summary 
of  the  exploitation  and  production  qf  building  and  decorative 
stones,  for  1898  ;  but  much  more  attention  is  given  than  usual 
to  the  chemical  composition  of  the  stones.  The  numerous  analy- 
ses are  mainly  quoted,  but  a  few  are  new.  They  include  Hille- 
brand's  very  elaborate  analyses  of  the  slates  of  Eastern  New  York 
and  Western  Vermont,  and  nine  analyses  of  the  slate  of  other 
regions,  and  then  follows,  in  the  alphabetical  order  of  the  states, 
a  r^sum^  of  pretty  much  all  that  has  been  done  in  the  way  of 
analyses  and  chemical  and  physical  tests  of  the  stones  of  this 
country,  constituting  a  storehouse  of  data,  which  should  be  widely 
known  and  used. 

Puller's  Earth.  U,  S,  Geol,  Survey,  Ann,  Rep,,  20,  Part  6, 
741-743. — Accompanying  the  statistics  of  the  production  for  1898 
are  analyses  of  fuller's  earth  from  Ocala,  Florida,  and  Valentine, 
Nebraska. 

nineral  Resources  of  Porto  Rico.  By  Robert  T.  Hill  and 
H.  B.  C.  NiTZE.  U,  S,  Geol,  Survey,  Ann,  Rep,,  20,  Part  6, 
771-787. — The  descriptions  of  the  economic  products  are  supple- 
mented by  analyses,  in  part  new,  of  mineral  waters,  iron  ore,  and 
copper  ore. 

Geology  and  Mining  Industry  off  the  Tintic  District,  Utah. 

By  George  Warren  Tower,  Jr.,  and  George  Otis  Smith. 
U,  S,  Geol,  Survey,  Ann,  Rep,,  19,  Part  j,  601-767. — This  im- 
portant and  elaborate  economic  monograph  of  one  of  the  oldest 
mining  districts  of  the  west,  embodies  analyses  by  H.  N.  Stokes 
and  George  Steiger  of  the  principal  sedimentary  and  igneous 
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rocks  of  the  region,  including  the  Eureka  and  Godiva  limestones, 
in  which  the  ore  bodies  occur,  and  the  Hamburg  series  of  impure 
limestones  and  sandstones,  all  of  carboniferous  age,  though  rest- 
ing directly  upon  the  Robinson  (Cambrian)  quartzite,  and  inclu- 
ding also  rhyolites,  quartz  porphyry,  andezite,  and  monzonite 
among  the  igneous  rocks.  The  metamorphism  and  weathering 
of  the  rocks  are  briefly  discussed ;  and  the  character  of  the  ore- 
bearing  solutions,  the  origin  of  the  metals  and  gangue,  and  the 
secondary  changes  in  the  ores,  are  considered.  In  the  descrip-' 
tions  of  the  ore  deposits  the  most  notable  features  are  the  minera- 
logical  complexity,  embracing  about  fifty  species,  and  the  analy- 
ses, chiefly  by  Hillebrand,  of  the  truly  remarkable  series  of  cop- 
per arsenates,  sulphates,  etc.,  for  which  the  Tintic  district  is 
famous. 
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The  lodometrlc  Estimation  of  Ardenic  Acid.  By  F.  A. 
GoocH  AND  Julia  C.  Morris.  Am,  /.  Sci,,  i6o,  151-157. — 
Solutions  of  arsenates  are  reduced  by  soluble  iodides  with  separa- 
tion of  iodine.  As  the  reaction  is  a  reversible  one,  it  is  necessary, 
for  analytical  purposes,  to  eliminate  the  oxidizing  effect  of  the 
liberated  iodine.  Gooch  and  Browning  {Am.  /.  Sci.,  50,  66) 
accomplished  this  by  boiling  off  the  iodine.  The  same  result 
would  be  effected  by  changing  the  iodine  to  hydriodic  acid  by 
means  of  sodium  thiosulphate.  An  attempt  to  base  an  analytical 
procedure  upon  this  principle  was  made  by  Williamson  (/.  Soc. 
Dyers  and  Colorists,  i8p6,  86-89).  According  to  Williamson,  the 
arsenic  acid  could  be  measured  either  by  the  amount  of  thiosul- 
phate required  to  bleach  the  solution,  or,  after  the  reduction,  the 
arsenious  acid  formed  could  be  again  oxidized  by  iodine.  If  the 
thiosulphate  method  is  used  the  titration  must  be  made  in  a 
strongly  acid  solution.  This  introduces  an  error  on  account  of 
the  tendency  of  the  hydriodic  acid  to  oxidation  in  the  presence 
of  strong  acids,  and  also  because  the  thiosulphate  added  is  liable 
to  be  decomposed  before  it  can  react  with  the  iodine.  The  authors 
find  that  when  this  method  is  used  a  correction  of  — 0.003  grani 
must  be  applied  to  each  determination  of  arsenic  acid.  If  the 
arsenite  is  oxidized  by  iodine,  the  arbitrary  correction  necessary 
is  reduced  to  0.0015  gram.  The  authors  consider  both  methods 
inferior  to  that  of  Gooch  and  Browning. 

Tiie  Volumetric  Estimation  of  Copper  as  the  Oxalate  witli 
Seimrations  from  Cadmium,   Arsenic,   Tin,  and  Zinc.      By 

Charlbs  a.  Peters.     Am,  /.  5a.,  160,  359-367. — Copper  may 
be  completely  precipitated  as  oxalate  in  solutions  containing  the 


Analytical  Chemistry.  97 

above  metals.  The  precipitated  oxalate  is  then  filtered  off  on 
asbestos  and  titrated  with  permanganate  in  the  presence  of  sul- 
phuric acid.  The  essentials  for  complete  precipitation  are  a  large 
excess  of  oxalic  acid  and  the  presence  in  the  solution  of  a  cer- 
tain minimum  amount  of  copper  depending  in  each  case  upon  the 
volume  of  the  solution  and  the  concentration  of  the  oxalic  acid. 
Thus  in  a  solution  containing  0.064  gj^in  copper  in  50  cc. ,  the 
copper  will  be  completely  precipitated  by  a  gram  of  oxalic  acid. 
By  adding  oxalic  acid  to  the  point  of  saturation,  the  minimum 
amount  of  copper  required  for  the  same  volume  of  solution  is  re- 
duced to  0.012  gram. 

The  5ulphocyanides  of  Copper  and  Silver  in  Qravimetric 
Analysis.  By  R.  G.  Van  Name.  Am.  J,  Set.,  160, 451-457. — 
The  literature  contains  conflicting  statements  concerning  the  prac- 
ticability of  determining  copper  by  direct  weighing  of  cuprous 
sulphocyanate.  The  author  finds  the  method  satisfactory.  The 
copper  solution  is  first  reduced  with  ammonium  bisulphite  and 
then  precipitated  by  ammonium  sulphocyanate.  The  precipitate 
is  filtered  off  on  a  Gooch  crucible,  and  weighed  after  drjdng  at 
110°.  Contrary  to  the  statements  of  some  writers,  the  precipi- 
tate does  not  retain  water  at  this  temperature.  As  the  sulpho- 
cyanate of  silver  is  soluble  in  an  excess  of  ammonium  sulpho- 
cyanate, this  method  cannot  be  used  for  the  determination  of 
silver,  but  as  the  precipitate  is  insoluble  in  an  excess  of  silver 
nitrate  it  may  well  be  made  use  of  for  standardizing  sulphocya- 
nate solutions  for  use  in  the  Volhard  method. 

Mettled  lor  Qrapliite  in  Pig  Iron.  By  A.  B.  Harrison. 
Proc,  Eng,  Soc,  Western  Pa,,  16,  1 17-1 18. — One  gram  of  pig  iron 
is  dissolved  in  nitric  acid  of  1.13  specific  gravity,  and  the  solu- 
tion is  boiled  till  red  fumes  are  no  longer  expelled.  Two  filters 
are  accurately  tared  and  the  residue  is  filtered  off,  after  diluting 
the  solution,  which  is  allowed  to  run  through  both  filters.  The 
filters  are  washed  successively  with  nitric  acid,  water,  ammonia, 
alcohol,  and  ether,  and  are  dried  and  weighed.  The  filter  con- 
taining the  graphite  is  then  ignited,  and  the  weight  of  the  ash  is 
deducted  from  the  difference  between  the  final  weights  of  the  two 
filters. 

Analysis  of  Chrome  and  Tungsten  Steels.    By  A.  G.  Mc- 

Kenna.  Proc.  Eng.  Soc,  Western  Pa.,  16,  119-121. — A  5-gram 
sample  is  dissolved  in  an  evolution  flask  in  a  mixture  of  30  cc. 
strong  hydrochloric  acid  and  30  cc.  water.  The  gases  evolved  are 
passed  through  a  cadmium  chloride  solution  in  which  the  sulphur 
is  afterwards  determined  by  titration  with  permanganate.  The 
solution  in  the  flask  is  evaporated  to  dryness,  and  the  residue  is 
dehydrated  and  treated  with  about  100  cc.  water.  The  insoluble 
residue  is  filtered  off,  ignited,  and  weighed  as  tungstic  oxide  and 
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silica.  The  contents  of  the  crucible  are  then  treated  with  hydro- 
fluoric acid  and  the  silica  determined  by  loss.  The  filtrate  is 
evaporated  with  nitric  acid  to  expel  the  hydrochloric  acid,  then 
potassium  chlorate  is  added  and  the  precipitated  manganese  diox- 
ide is  filtered  ofF  on  asbestos.  Then  it  is  dissolved  in  hydrochloric 
acid  with  the  addition  of  a  little  potassium  nitrite.  After  removal 
by  the  basic  acetate  method,  of  any  iron  this  solution  may  con- 
tain, the  manganese  is  precipitated  by  bromine  water  and  weighed 
as  MnjO^.  In  the  filtrate  from  the  manganese,  the  chromium  is 
determined  by  titration  with  ferrous  sulphate  and  permanganate. 
For  the  determination  of  phosphorus  another  5-gram  sample  is  dis- 
solved in  hydrochloric  acid,  and,  after  the  removal  of  the  tungsten 
and  silicon  as  before,  the  phosphorus  is  precipitated  as  ammonium 
phosphomolybdate.  The  author  recommends  the  direct  weigh- 
ing of  the  **  yellow  precipitate.*'  For  the  carbon  determination 
a  sample  of  1.5  grams  is  dissolved  in  the  double  chloride  of  cop- 
per and  potassium.  After  a  half-hour  hydrochloric  acid  is  added, 
and  when  all  the  copper  has  gone  into  solution,  the  residue  is 
filtered  off  and  burnt  in  a  current  of  oxygen,  using  a  platinum 
tube.  The  carbon  dioxide  evolved  is  absorbed  in  a  solution  of 
barium  hydroxide,  and  the  amount  of  carbon  is  calculated  from 
the  weight  of  barium  carbonate  produced. 

Some  Rapid  Work  on  Silicons.     By  Dalton  Parmley.  Iron 
Trade  Rev, ,  34t  No.  9. 
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The  Production  of  Alloys  of  Tungsten  and  of  Molybdenum 
in  the  Electric  Furnace.  By  Charles  L.  Sargent.  /.  Am, 
Chem,  Soc,  22,  783-791. — Alloys  of  tungsten  and  molybdenum 
with  nickel,  cobalt,  and  chromium  were  made  by  heating  the  di- 
oxides of  these  metals  in  an  electric  furnace  with  carbon.  The 
amount  of  carbon  used  exerted  a  greater  influence  in  the  purity 
of  the  metal  than  did  variations  in  the  strength  of  the  current 
and  the  duration  of  its  action.  The  product  invariably  contained 
traces  of  carbon  and  unreduced  oxide.  Tungsten  did  not  form  al- 
loys with  bismuth  and  manganese,  while  molybdenum  alloyed 
with  both  of  these  metals,  but  would  not  alloy  with  copper,  which 
combined  readily  with  tungsten.  Neither  metal  would  alloy  with 
tin. 

irregular  Distribution  of  Sulphur  in  Pig-iron.  By  Ran- 
dolph Bolling.  /.  Am,  Chem,  Soc,  22,  798-799. — The  sul- 
phur was  determined  in  drillings  made  at  intervals  of  1 1  inches  in 
a  cast  bar  12x14  inches,  and  was  found  to  vary  from  0.023  P^^ 
cent,  at  the  bottom  to  0.036  per  cent,  at  the  top. 
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Alloys  Made  In  the  Electric  Furnace.  By  Lewis  P.  Hamil- 
ton AND  Edgar  F.  Smith.  /.  Am,  Chem,  Soc,  23,  151-155. — 
Metallic  masses,  composed  of  mixtures  of  various  elements,  con- 
taminated with  iron,  carbon,  silicon,  and  ''gangue*'  were  ob- 
tained by  heating  the  oxides  with  carbon  and  iron  or  copper  in  a 
special  form  of  electric  furnace.  The  properties  of  these  metal- 
lic masses  were  not  studied. 

On  the  Behavior  of  Iodine  and  Bromine  Towards  Chlorine 
Heptoxide  and  Perchloric  Acid.  Bv  Arthur  Michael  and 
Wallace  T.  Conn.  Am,  Chem,  /.,  15,  89-96. — The  authors 
find  no  evidence  for  the  statement  of  Kaemmerer  that  chlorine 
may  be  replaced  in  its  oxygen  acids  by  iodine  or  bromine.  In 
the  preparation  of  chlorine  heptoxide  they  find  that  the  danger  of 
explosion  may  be  decidedly  reduced  by  keeping  the  retort  con- 
taining the  phosphorus  pentoxide  at  a  lower  temperature  than 
— lo**  (see  this  Rev,,  6,  114),  during  the  addition  of  perchloric 
acid,  and  for  some  hours  afterward.  Instead  of  heating  the  re- 
tort gradually  to  85*^  in  a  water-bath,  it  is  better  to  heat  slowly, 
and  after  two  hours  to  remove  the  heptoxide  from  the  receiver, 
when  about  two-thirds  of  the  amount  formed  has  passed  over  ; 
then  to  heat  four  hours  longer  at  the  same  temperature,  and 
finally  at  85°  to  drive  off  the  last  traces  of  heptoxide.  A  very 
energetic  reaction  takes  place  when  iodine  and  chlorine  heptoxide 
are  brought  together.  The  product  of  the  reaction  is  a  white 
powder  which  fumes  in  the  air.  Heated  to  100^  in  a  vacuum, 
perchloric  acid  distils  ofF  and  iodine  pentoxide  is  left  behind. 
The  action  of  anhydrous  perchloric  acid  on  iodine  is  less  ener- 
getic than  that  of  chlorine  heptoxide.  The  product  of  the  reac- 
tion is  a  moist,  pinkish,  crystalline  powder,  which  leaves  a  yel- 
lowish, crystalline  substance  when  heated  in  a  vacuum.  This 
substance  is  extremely  hygroscopic,  and  rapidly  turns  black  on 
exposure  to  air,  owing  to  the  liberation  of  iodine.  In  contact 
with  water  it  is  immediately  decomposed  with  liberation  of  iodine 
and  formation  of  iodic  acid.  An  analysis  of  the  substance  corre- 
sponded to  the  formula  HI^O,. 

On  the  Nature  of  Lead  Amalgams.  By  Henry  Fay  and 
Edward  North,  2nd.  Am,  Chem.  /.,  25,  216-231. — ^The  au- 
thors have  determined,  by  means  of  a  Le  Chatelier  pyrometer, 
the  freezing-points  of  a  series  of  lead  amalgams  containing  from 
2  to  95  per  cent,  of  lead.  The  iteults  of  the  experiments  seem 
to  show  that  in  the  amalgam  of  lead  and  mercury  there  exists  the 
compound  Pb,Hg,  which  is  soluble  in  and  isomorphous  with  lead ; 
it  therefore  lowers  the  freezing-point  of  lead  as  it  is  successively 
added  to  it.  This  compound  is  insoluble  in  mercury,  and  hence 
does  not  lower  the  freezing-point  of  mercury  ;  it  may  readily  be 
separated  from  mercury  by  pressure,  or  very  conveniently  by 
means  of  the  centrifugal  machine.    The  freezing-point  curve  and 
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the  microstructure  of  the  solid  amalgams  failed  to  show  any  evi- 
dence of  a  eutectic  alloy. 

The  Basic  Nitrates  of  Bismutii.  By  F.  B.  Allan.  Am, 
Chem.  /.,  25,  307-315. — Normal  bismuth  nitrate,  the  basic  ni- 
trate, BiONOj,  and  the  basic  salt  6Bi,0,.5N,05  were  rotated  at 
definite  temperatures  with  varying  amounts  of  nitric  acid  and 
water,  the  rotation  being  continued  until  the  solid  salt  was 
in  equilibrium  with  the  solution.  The  composition  of  the  solid 
was  determined  indirectly  by  estimating  the  acidity  of  the  solu- 
tion and  the  amount  of  bismuth  in  it.  The  salt  BiONO,  -f  H,0 
is  the  only  one  formed  when  bismuth  nitrate  is  poured  into 
water,  provided  the  precipitate  is  quickly  filtered.  At  21**,  the 
salt  Bi„0„(NOj)„  +  9H,0  is  in  equilibrium  with  nitric  acid  solu- 
tions from  0.03  to  0.32  normal,  and  the  salt  BiONO,  with  solu- 
tions from  0.425  to  0.72  normal.  At  50**,  the  salt  Bi^OjCNO,),-!- 
HgO  is  in  equilibrium  with  nitric  acid  solutions  from  0.057  ^^ 
0.285  normal,  and  at  75°  with  solutions  from  0.109  to  0.314  nor- 
mal. At  50°,  the  salt  Bij,0„(NO,),o  +  9H,0  is  in  equilibrium 
with  nitric  add  solutions  from  0.285  to  0.466  normal,  and  at  this 
temperature  no  other  salt  exists  containing  less  NjO^. 

Tlie  Effect  of  Annealing  upon  tlie  Pliysicai  Properties  and 
tlie  Microstructure  of  a  Low  Cari>on  5teei.  By  Hbnry  Fay 
AND  Stephen  Badlam.  Tech.  Qtiart.,  13,  295-313. — Bars  hav- 
ing the  dimensions  18  X  2^  X  i|  inches,  and  containing  0.07  car- 
bon, 0.058  sulphur,  o.  10  phosphorus,  and  0.32  manganese,  were 
heated  todifiPerent  temperatures  in  a  furnace  made  of  a  long  porous 
cup  wrapped  with  a  platinum  wire  and  enclosed  in  an  insulating 
jacket  of  about  15  inches  external  diameter  and  30  inches  in 
length.  The  current  used  to  heat  the  furnace  was  obtained  from 
the  three  wire  mains  of  an  incandescent  lighting  circuit.  For  tem- 
peratures below  800**,  no  volts  were  used  ;  and  for  temperatures 
from  800°  to  1300°,  220  volts  were  used.  The  temperatures  were 
measured  by  a  LeChateliei*  thermoelectric  pyrometer.  The  tensile 
strength,  the  elastic  limit,  and  the  elongation  were  determined  for 
each  bar,  and  a  microscopical  examination  of  the  structure  was  made 
on  a  specimen  cut  from  each  bar.  The  specimens  seemed  to  show 
two  points  of  maximum  tenacity  and  elastic  limit,  one  at  890** 
and  another  at  11 25**.  Below  850°  the  properties  of  the  steel  do 
not  chauge  to  an  appreciable  extent,  and  between  890**  and  1 125° 
the  steel  shows  a  minimum  value  at  1000°.  Annealing  from  tem- 
peratures above  1125°  causes  a  decrease  in  strength  with  in- 
creasing temperature.  The  size  of  the  grain  is  apparently  con- 
stant at  temperatures  below  850**.  At  890°  the  grain  is  very 
fine,  and  from  temperatures  above  this  there  is  a  gradual  in- 
crease in  size  up  to  1125**,  and  a  rapid  increase  above  this  point. 
Above  HOC®  the  structure  consists  of  parallel  bands  and  stria- 
tions  sometimes  crossing  the  grain  junctions. 
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Characteristics  of  tlie  Ctiemical  and  Pliysical  Properties  of 
Cast-iron.  By  Thos.  D.  West.  Sibley  J.  Eng,,  15,  125-136.— 
A  lecture  delivered  before  Sibley  College. 
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On  tlie  Allcaloids  of  Ceanotlius  Americanus.  Ry  H.  M.  Gor- 
DIN.  Pharm,  Rev,,  18,  266-268. — In  this  preliminary  note  the 
author  discusses  the  properties  of  the  alkaloid,  ceanothine,  found 
by  Gerlach  {Am.  /,  Pharm,,  5,  332)  in  the  root  of  Ceanothus 
Americanus.  The  variations  in  the  melting-point  of  the  **  ceano- 
thine'*  and  its  behavior  with  absolute  ether  indicate  that  it  is  not 
an  individual  compound.  The  attempt  is  to  be  made  to  either 
purify  or  separate  it  by  means  of  absolute  ether  and  the  forma- 
tion of  derivatives. 

Saw  Palmetto  Oil.  By  Oswald  Schreiner.  Pharm,  Rev., 
18,  217-222. — Shermann  and  Briggs  {this  Rev.,  5,  109)  found  in 
saw  palmetto  a  small  amount  of  a  volatile  oil  and  a  considerably 
larger  quantity  of  fixed  oil.  The  question  having  arisen  as  to 
whether  the  volatile  oil  is  present  in  the  berries  or  is  formed  from 
the  fixed  oil,  the  author  has  examined  samples  of  oil  from  various 
sources.  The  results  show  that  the  volatile  oil  is  not  present  in 
the  dried  berries  but  are  not  conclusive  as  yet  concerning  its  ex- 
act source. 

On  tlie  Chemical  Composition  of  ilonarda  Oils.     By  W.  E. 

Hendricks.  Pharm.  Archives,  2,73-78. — The  chemical  compo- 
sition of  the  oil  of  Monarda  FHmctata  L.,  as  derived  from  experi- 
ments with  authentic  material,  is  as  follows  :  About  60  per  cent, 
of  the  oil  is  a  phenol,  largely  thymol  ;  of  the  non-phenol  portion 
of  the  oil  about  10  per  cent,  is  an  alcohol,  the  larger  portion  con- 
sisting of  cymene  and  limonene.  The  oil  of  the  related  Monarda 
Jistulosa  L.  was  found  to  contain  carvacrol  and  cymene  but  prac- 
tically no  thymol. 

The  Oil  and  Terpenes  of  Aralia  Nudicaulis.  By  William  C. 
Alpers.  Am.  J.  Pharm,,  71,  370-378. — By  extraction  of  the 
dried  root  with  petroleum  benzene  1.726  per  cent,  of  fixed  oil,  of 
a  dark  red  color  and  consisting  mainly  of  tri-olein,  was  obtained. 
Distillation  with  steam  yielded  about  0.04-0.12  percent,  of  a  yel- 
low volatile  oil  having  a  pleasant  aromatic  odor.  This  oil  con- 
sisted principally  of  a  sesquiterpene,  CjsH,^.  In  its  reactions  and 
properties  this  terpene  seems  to  differ  from  the  isomeric  com- 
pounds identified  and  the  name  Araliene  is  proposed  for  it. 
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The  Bfo-Cheinlcal  Basis  of  Pfttholocy.  By  Hbn&y  A. 
BUNKSR.  Phila.  Med,  /.,  7,  441-446. — ^A  discussion  of  the 
chemical  transformations  which  take  place  in  the  processes  of 
assimilation  and  disintegration  within  the  living  body.  The 
article  is  not  suited  to  brief  review. 

The  Chemistry  of  Ipecacuaniia.  By  B.  H.  Paui«  and 
A.  J.  CowNi^Y.  Am,  J,  Pharm.,  73,  57-66;  107-116.— 
After  reviewing  at  some  length  the  observations  of  previous 
experimenters,  the  authors  present  the  results  of  their  inves- 
tigations, which  go  to  show  that  ipecacuanha  resembles  cin- 
chona bark,  that  it  contains  at  least  three  alkaloids  and  prob- 
ably others  in  small  proportion.  Of  the  three  alkaloids  which 
have  been  isolated  one  is  uncrystallizable,  but  capable  of 
forming  crystallizable  though  extremely  soluble  salts.  For 
this  base  the  name  emetine  is  reserved.  The  second  alkaloid, 
named  cephaeline,  is  crystallizable,  less  soluble  in  ether  than 
is  emetine,  freely  soluble  in  alcohol  or  chloroform  ;  much  more 
soluble  than  emetine  in  hot  petroleum  spirit  and  readily  soluble 
in  solutions  of  caustic  alkali.  The  third  alkaloid,  named 
psychotrine,  has  been  isolated  in  only  small  amount  and  exists 
in  the  drug  in  small  proportion  compared  with  the  other  two. 

Physiological  and  Toxicological  Effects  of  Tellurium  Com- 
pounds, with  a  Special  Study  of  Their  Influence  on  Nutrition. 

By  L.  D.  Mead  and  William  J.  Gies.  Am,  J,  Physiol. ,  5, 
104-149. — Experiments  carried  out  on  dogs  brought  to  a  state  of 
nitrogenous  equilibrium  showed  that  non-toxic  doses  of  tellu- 
rium (oxide,  tellurate,  tartrate,  and  tellurite)  did  not  materially 
affect  metabolism.  Large  doses  retarded  gastric  digestion,  and 
caused  violent  vomiting,  loss  of  appetite,  and  somnolence.  Intro- 
duced under  the  skin  tellurium  (tartrate)  produced  a  marked  effect, 
ending  in  paralysis  and  death  from  asphyxia.  Tellurium  was 
recovered  in  considerable  quantity  from  most  of  the  internal 
organs.  Tellurium  was  eliminated  in  metallic  form,  as  methyl 
telluride,  and  in  a  soluble  form  in  small  quantity,  in  the  urine 
and  bile.  Methyl  telluride  invariably  appeared  in  the  breath 
a  few  minutes  after  the  introduction  of  even  very  small  quanti- 
ties of  tellurium  and  persisted  for  months  after  the  last  dosage. 
The  secretion  of  acid  in  the  gastric  juice  was  markedly  arrested 
by  tellurium  compounds,  even  in  small  amount.  With  men,  the 
inhalation  of  tellurium  oxide  caused  nausea,  somnolence,  depres- 
sion, and  constipation.  Methyl  telluride,  when  inhaled,  induced 
sleepiness  and  nausea,  and  imparted  its  characteristic  odor  to  the 
breath  and  the  excretions  from  the  skin.  The  action  of  tellu- 
rium in  the  body  was  found  to  resemble,  in  many  respects,  that 
of  selenium,  arsenic,  and  antimony. 
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Concerning  Lipase,  tlie  Fat-5piitting  Enzyme  and  tlie 
Reversibility  of  its  Action.  By  J.  H.^Kastlk  and  A.  S. 
LoEVENHART.  Am,  Chcfn,-  y.,  24,  491-525.— Ethyl  butyrate 
is  so  easily  hydrolyzed  by  lipase  that  it  has  been  fouud  possible 
by  means  of  this  reagent  to  show  the  presence  of  lipase  in  a 
number  of  organs  and  tissues  in  the  animal  organism,  notably  in 
the  liver,  stomach  and  small  intestine.  Lipase  is  more  stable 
than  has  hitherto  been  supposed  but  is  almost  completely  removed 
from  its  solutions  by  repeated  filtration  at  ordinary  pressure ; 
ethereal  salts  are  hydrolyzed  by  it  most  rapidly  at  40**  C.  and  at 
65**  to  70**  C.  the  enzyme  is  destroyed.  The  stability  of  certain 
ethereal  vSalts  toward  lipase  decreases  with  increase  in  molecular 
weight  of  the  combined  acid,  the  converse  of  this  being  found 
true  for  the  hydrolysis  of  these  ethereal  salts  by  acids.  Most  of 
the  common  antiseptics  exert  a  harmful  effect  on  lipase,  this 
being  especially  true  of  sodium  fluoride,  hydrofluoric  acid  and 
the  acids  generally.  A  study  of  the  reaction  with  ethereal  salts 
shows  that  the  velocity  of  the  reaction  is  not  proportional  to  the 
active  mass  of  the  ethereal  salt  but  is  nearly  proportional  to  the 
concentration  of  the  enzyme.  The  reaction  is  incomplete,  but 
approaches  completion  with  very  concentrated  extracts  of  lipase 
or  very  small  amounts  of  the  ethereal  salt.  The  coefficient  of 
velocity  as  calculated  for  a  reaction  of  the  first  order  is  not  a 
constant  but  falls  off  as  the  reaction  proceeds.  By  means  of 
lipase  a  synthesis  of  ethyl  butyrate  from  butyric  acid  and  alcohol 
has  been  effected,  showing  that  the  reaction  is  a  reversible  one. 

On  tlie  Toxicity  of  Normal  Urine — By  Melvin  Dresbach. 
J,  Expt.  Medicine y  St  315-318. — From  normal  urine  was  obtained 
a  substance  or  substances  of  anorganic  nature,  possessing  marked 
toxic  properties.  It  is  believed  that  the  effects  produced  could 
not  have  been  due  to  any  of  the  organic  bodies  usually  included 
in  the  list  of  compounds  contained  in  normal  urine,  but  the  sub- 
stance has  not  as  yet  been  isolated. 

On  the  Constituents  of  Jamaica  Dogwood.  By  Paul  C. 
Freer  and  A.  M.  Clover.  Phann,  Arch,,  4,  21-28;  Am, 
Chem,  /.,  aSf  390-413. — The  authors  have  isolated  from  the  bark 
of  the  Jamaica  dogwood  a  number  of  interesting  bodies,  chief 
among  which  zx^piscidic  acid,  CuH^O.,  its  ethyl  ester  and  other 
derivatives.  The  presence  of  a  number  of  other  substances  has 
been  demonstrated,  but  lack  of  material  prevented  the  determi- 
nation of  their  exact  chemical  constitution.  Evidence  is  pre- 
sented to  show  that  the  substance  called  piscidine  and  hitherto 
supposed  to  be  the  active  principle  of  Jamaica  dogwood  is  a  mix- 
ture and  is  pharmacologically  inert. 
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Notes  on  Sugar  Beets.  By  P.  F.  Trowbridge.  /.  Am. 
Chem,  Soc,  33f  216-223. — As  the  average  of  twenty-five  deter- 
minations, the  author  finds  0.919  to  be  the  factor  representing 
the  relation  of  the  sugar  in  the  juice  to  the  sugar  in  the  beet. 
The  average  sugar  content  of  a  number  of  beets  grown  under 
precisely  similar  conditions  was  12.61  percent.,  the  maximum 
being  18.2  per  cent.,  and  the  minimum  8.7  percent.  Comparison 
of  analyses  by  digestion  with  hot  water  and  digestion  with  hot 
alcohol  showed  practically  no  difference.  The  highest  sugar 
content  was  found  to  be  in  the  middle  portion  of  the  beet,  the 
lowest  in  the  upper  portion. 

G.  W.  RoLPB,  Rbvibwbr. 

On  the  Results  of  a  Search  for  Other  Sugars  Than  Xylose 
and  Dextrose  in  the  Products  of  the  Hydrolysis  of  Wood 
from  the  Trunks  of  Trees.  By  F.  H.  Storkr.  Bull.  Bussey 
Inst.  Harv.  Coll.,  a,  437-467. — ^The  current  view  that  the  wood 
of  tree  trunks  contain  much  starch  is  an  error  which  arose 
formerly  from  use  of  improper  methods  of  estimating  starch; 
viz.,  hydrolysis  by  dilute  adds.  It  is  now  known  that  when 
wood  is  hydrolyzed  by  acids  much  of  the  xylan  contained  is 
changed  to  xylose,  till  recently  considered  dextrose  derived  from 
starch.  Testing  trunk  wood  with  barley  malt  shows  little  starch 
actually,  although  at  certain  seasons  appreciable  quantities  are 
found  in  the  twigs  and  roots.  To  solve  the  question  of  the 
origin  of  the  great  mass  of  sugar  obtained  in  the  spring  from  the 
trunks  of  maples  and  other  trees,  the  author  has  studied  the 
action  of  hydrolysis  of  acids  on  maple  and  birch  wood,  also 
cotton.  The  amounts  of  sugars  formed  were  estimated  with 
Fehling*s  liquor  and  the  rotatory  power  of  these  sugars  was 
noted.  The  method  of  investigation  was  novel  in  that  an 
approximation  to  the  true  specific  rotation  was  got  in  each 
instance  by  determining  with  Pehlings's  liquor  how  much  sugar 
was  contained  in  100  cc.  of  the  impure  product  of  the  hydrolysis 
and  calculating  from  this  factor  and  the  observed  angle  of  rota- 
tion an  approximation  of  the  specific  rotation,  called  by  the 
author  **  qtiasi  (a)/,."  The  values  thus  obtained  fall  somewhat 
higher  than  the  true  specific  rotatory  powers.  As  the  result  of 
many  trials,  no  other  sugars  than  xylose  and  dextrose  were 
detected ;  but  it  was  observed  when  the  woods  or  the  cotton 
were  first  treated  with  strong  sulphuric  acid,  that  considerable 
quantities  of  the  wood  dextrin  of  Bechamp  (subsequently  studied 
by  Honig  and  Schubert  and  others)  was  formed,  and  that  this 
dextrin  is  not  readily  changed  to  sugar  by  hydrolysis.  Serious 
doubts  are  thus  cast  on  the  conclusions  of  those  chemists  (notably 
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Fleschig  and  Winterstein)  who  have  claimed  that  cellulose  may 
be  readily  and  completely  changed  into  dextrose  by  treating  with 
strong  sulphuric  acid  and  subsequent  hydrolysis  after  diluting 
with  water. 


ASSAYING. 

H.  O.  HoPMAN,  Reviewer. 

The  Calkins  Umpire  Ore  Sampler.  By  the  Editor.  Eng. 
Mtn.  y.,  7i,  534. — This  continuous  sampling  machine  consists  of 
two  buckets,  one  above  the  other,  revolving  in  opposite  directions. 
Each  bucket  has  a  central  cone  from  which  four  radial  partitions 
extend  to  the  sides,  thus  giving  four  sectorial  divisions,  of  which 
two  are  closed  and  two  open  at  the  bottom.  Of  16  pounds  of  ore 
fed  into  the  machine,  8  pounds  remain  in  the  upper  bucket,  4 
pounds  go  into  the  lower  bucket  and  4  pounds  pass  as  sample 
into  the  receiver  below.  The  machine  is  3  feet,  7  inches  high  and 
weighs  55  pounds ;  it  is  easily  cleaned.  The  claims  made  for  it 
are  too  great,  since  its  use  must  be  limited,  as  is  the  case  with  all 
continuous  sampling  machines. 

The  Use  of  iron  in  Assaying.  By  R.  W.  Lodge.  Eng.  Min. 
/.,  ?■»  329-330. — The  author  corrects  the  statement  made  edi- 
torially in  a  previous  issue  of  the  same  journal  (T^t  734)  that 
iron  sulphide,  formed  in  assaying  sulphurous  ores,  is  oxidized 
and  fluxed.  He  shows  that  the  amount  of  matte  which  will 
separate  out  is  governed  by  the  amount  of  alkali  added  to  the 
charge ;  in  fact,  that  with  a  sufficient  amount  of  alkali,  the  whole 
of  the  matte  will  be  held  in  solution  or  suspension.  In  the 
assay,  all  the  sulphur,  however,  does  not  combine  with  the  iron 
and  the  alkali ;  part  of  it  is  oxidized  and  passes  off  into  the  air. 

Braun's  *•  Coronet  Rolls."  By  the  Editor.  Eiig.  Min,/,^ 
7i,  435-436. — These  rolls,  2^  inches  in  diameter  and  i^  inches 
wide,  are  made  of  hardened  steel  and  run  in  phosphor-bronze 
boxes  ;  both  rolls  are  operated  by  one  crank  ;  a  feed  plate  at  the 
front  facilitates  the  insertion  of  a  small  button  and  a  second 
plate  at  the  back,  closely  wiping  the  bottom  roll,  prevents  the 
comet  from  dropping  on  the  floor.  The  net  weight  of  the 
machine  is  57  pounds  and  the  weight,  when  boxed  for  shipping, 
is  85  pounds. 
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p.  H.  TuoRP,  Reviewer. 

The  Chemistry  of  Insecticides.  By  F.  T.  Shutt.  Canada 
Exp,  Farms  Rept,,  1899,  148-149. — An  analysis  of  a  sample  of 
Paris  green  indicated  44.2  per  cent,  of  arsenious  acid,  of  which 
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4.56  per  cent,  was  soluble  in  water.  An  emulsion  of  kerosene  and 
crude  carbolic  acid  with  some  soap,  was  found  effective  in  destroy- 
ing borers  and  bark  lice.  The  addition  of  copper  sulphate  to  the 
emulsion  caused  separation  of  the  emulsion  constituents  and  is 
not  to  be  recommended.  Addition  of  a  strong  tobacco  decoction 
to  Bordeaux  mixture  caused  separation  of  the  constituents,  but 
only  after  standing  some  time.  If  used  fresh,  this  would  not 
injure  the  Bordeaux  mixture. 

ComiMirative  Hide-Powder  Tests.  By  W.  H.  Krug. 
Leather  M/r.,  la,  lo-ii. — The  hide-powder  made  by  the  Vienna 
Experiment  Station  having  given  unsatisfactory  results  recently, 
and  being  found  acid  in  its  character,  the  author  and  two  others, 
undertook  test  analyses  on  quebracho  extract,  using  the  same 
sample,  and  employing  hide-powder  of  the  above-named  make. 
Trials  were  made  with  the  powder  as  furnished  (/.  e.,  acid),  and 
also  after  neutralization  with  sodium  carbonate.  The  tabulated 
results  show  close  concordance  with  the  unneutralized  powder  ; 
but  after  neutralization  the  absorption  power  of  the  powder 
decreases ;  the  filtrate  is  turbid  and  contains  tannin.  After 
neutralization,  twice  as  much  powder  is  required  in  order  that 
the  filtrate  may  be  free  from  tannin.  A  method  of  neutralizing 
and  washing  the  powder  is  also  described. 

Comparison  of  the  international  Filter-Tuiie  rietliod  and 
tiie  Officiai  Hide-Powder  Method.  By  H.  W.  Wiley  and  W. 
H.  Krug.  Leather  M/r.,  12,  9-10. — Test  analyses  on  identical 
samples  of  oakwood  extract,  chestnut  extract,  mimosa  extract, 
solid  quebracho  extract,  valonia,  and  mimosa  bark,  were  carried 
out  by  the  filter-tube  method  in  Prof.  Procter's  laboratory,  and 
by  the  official  method  in  the  laboratory  of  the  U.  S.  Dept.  of 
Agriculture.  The  results  of  both  series  of  tests  are  tabulated 
and  show  that  the  filter  method  gives  lower  non-tannins  than  the 
ofiicial  method,  and  correspondingly  higher  tannins. 

Concerning  Retene,  Petrolene,  and  Asphaltene.     By  S.  F. 

Peckham.  y.  Franklin  Inst,^  15' t  50-61. — The  paper  is  a  pro- 
test against  the  use  of  the  terms  retene  or  retine,  and  petrolene, 
and  asphaltene  in  reporting  analyses  of  solid  bitumens  and  bitu- 
minous minerals.  The  author  prefers  to  report  the  percentage 
soluble  in  petroleum  ether  as  "  the  petroleum  ether  soluble,'*  and 
not  as  **  petrolene,"  etc.  A  paper  by  Edward  J.  DeSmedt 
(Pavings  1893)  is  discussed  and  several  erroneous  statements  are 
shown  ;  particularly  in  regard  to  the  sulphur  content  of  "retine," 
petrolene,  and  asphaltene.  Retene  is  described  in  chemical  litera- 
ture as  a  body  crystallizable  from  alcohol ;  the  author  could  obtain 
no  crystallized  solid  from  the  alcohol  extract  of  California  and 
other  asphaltums.     The  term  "retine"   he  fails  to  find.     The 
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article  by  De  Smedt  contains  references  to  researches  by  Le  Bel 
and  Muntz  as  authority  concerning  retene,  but  the  author  fails  to 
find  such  memoirs.  In  recent  years,  the  terms  petrolene  and 
asphaltene  have  been  loosely  applied  to  the  residues,  soluble  and 
insoluble,  obtained  with  ethyl  ether,  petroleum  ether,  acetone, 
and  other  menstrua  ;  the  author  asserts  that  the  material  dissolved 
from  one  asphaltum  by  these  solvents,  may  be  quite  different 
from  that  extracted  from  another  sample.  An  asphaltum  having 
but  a  trace  of  chloroform  soluble  and  only  a  small  amount  of 
turpentine  soluble,  may  not  be  distinguished  by  the  eye  from  one 
that  dissolves  to  the  extent  of  one-third  or  one-half  in  chloro- 
form. It  is  stated  that  weathered  asphalts  yield  a  large  per- 
centage of  chloroform  soluble.  A  citation  to  an  article  by  O. 
Hesse  (Arch,  d,  Phami,)^  frequently  quoted  in  the  literature,  is 
shown  to  be  erroneous,  the  article  being  by  Otto  Helm  {Arch,  d. 
Pharm,,  III,  13.  396).  Analyses  of  grahamite  by  Miss  Laura  A. 
Linton  shows  it  to  contain  about  50  per  cent. ,  each  petrolene  and 
asphaltene  ;  according  to  De  Smedt  it  should  contain  11.045  P^^ 
cent,  of  sulphur  ;  analysis  showed  0.6125  per  cent,  sulphur  pres- 
ent. Other  discrepancies  in  the  sulphur  content  of  albertite  and 
several  bitumens,  as  calculated  according  to  De  Smedt,  and  as 
found  on  analysis,  are  pointed  out.  It  being  admitted  that  the 
portions  of  different  bitumens  dissolved  by  petroleum  ether  may 
not  be  identical  chemically,  or  even  resemble  each  other,  varying 
in  their  physical  properties,  the  question  is  asked:  Of  what  value 
is  an  analysis  of  asphalt  by  solution  ?  The  answer  is  that  the 
value  lies  only  in  analyses  made  with  the  same  solvents  and  under 
the  same  conditions,  and  especially  as  applied  to  different  speci- 
mens from  the  same  locality,  as  a  means  of  comparison.  It  is 
useless  to  compare  the  results  obtained  from  a  Pacific  coast 
asphaltum,  using  petroleum  ether  made  from  California  petro- 
leum, with  those  obtained  from  Trinidad  or  Bermudez  asphaltum 
dissolved  in  ethyl  ether,  or  petroleum  ether  from  Eastern  petro- 
leum. A  uniform  method  by  the  same  solvents  should  be  adopted 
by  all  who  are  engaged  in  analyzing  asphaltum. 

Aluminium  at  the  Paris  Exposition  (1900).  By  Joseph 
W.  Richards.  /.  Franklin  Inst.,  i5i»  107-114. — The  progress 
of  the  aluminium  industry  as  shown  at  the  five  international 
exhibitions  held  in  Paris,  in  1855,  1867,  1878,  1889,  and  1900,  is 
interestingly  described.  Up  to  1900  the  material  was  all  obtained 
by  the  Deville  process,  using  metallic  sodium  ;  but  in  1889  a 
great  rieduction  in  price  with  consequent  large  increase  in  the 
use  of  the  metal  was  noticed,  chiefly  due  to  the  cheap  production 
of  metallic  sodium  by  the  processes  of  Castner  and  Netto.  At 
this  time  the  Cowles*  alloy  products  were  first  shown.  In  1900 
all  of  the  metal  exhibited  was  made  by  electrolytic  processes  ; 
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the  production  amounted  to  7,000  tons  and  the  price  was  30  cents 
per  pound.  A  list  of  the  firms  producing  aluminium  and  a 
description  of  their  exhibits  in  detail  then  follows. 

A  Discussion  of  Recent  Developments  in  the  Fire-Proofing 
of  Wood.  By  Joseph  L.  Ferrell.  /.  Fratiklin  Inst,,  I5i» 
1 61-177. — The  first  seven  pages  of  the  article  are  filled  with  a 
rambling  commentary  upon  the  "  old  methods  of  fire-proofing  *' 
and  the  faults  of  the  machinery  used  ;  the  time  consumed  and 
cost  of  the  chemicals  are  claimed  to  make  the  processes  prohibi- 
tive. Then  the  author  gives  a  very  general  account  of  the  **  new 
process. ' '  Instead  of  low  pressures  and  long  time,  high  pressures 
for  short  times  were  tried  ;  steaming  and  vacuum  are  discarded. 
{Compare  this  Rev,,  7,  64.)  Pressures  from  50  to  1,200  pounds 
were  tried  and  **  the  results  noted.'*  To  the  reviewer  at  least, 
the  article  would  have  had  greater  interest  if  some  of  these 
results  were  stated.  It  was,  however,  discovered  **that  each 
thickness  of  each  wood  had  its  exponent  of  resistance  to  com- 
pression, but  the  greater  pressures  were  apt  to  overcompress  and 
distort  the  wood.''  This  is  obviated  by  the  use  of  a  hydraulic 
accumulator  by  which  uniform  pressure  and  more  rapid  satura- 
tion are  obtained.  Some  details  and  a  drawing  of  portions  of  the 
apparatus  are  given.  Concerning  the  chemicals  available  for  fire- 
proofing  previous  to  this  investigation,  phosphate  of  ammonium 
is  ranked  finst  in  efficiency  and  ammonium  sulphate  next.  Both 
of  these  are  too  expensive,  render  the  wood  brittle,  more  hygro- 
scopic and  corrode  metals  with  which  they  come  in  contact.  But 
now,  after  years  of  experiment,  two  fonnulae  have  been  dis- 
covered, which  will  reduce  the  cost  of  chemicals  to  less  than  one- 
third  of  what  it  has  been,  and  the  saturated  wood  is  free  from 
the  defects  of  the  old  process.  It  retains  its  color,  does  not  cor- 
rode metals,  is  not  hydroscopic  nor  brittle,  will  take  paint  and 
varnish  and  the  chemical  does  not  volatilize.  The  time  of  treat- 
ment is  very  short  and  penetration  is  complete.  No  hint  as  to 
the  nature  of  these  chemicals  is  given  *  *  as  the  patents  are  not 
sufficiently  advanced."  Large  timbers,  as  well  as  boards,  can  be 
treated.  Some  illustrations  of  a  burning  test  applied  to  two 
small  buildings,  exactly  alike,  but  one  made  of  fire-proofed 
wood,  are  given,  but  the  description  is  very  meager. 

A  Brief  SIcetcli  of  tlie  Essential  Requisites  of  «« Powder  "  as 
Distinguished  From  «« Explosives."  By  W.  J.  Wiluams.  /. 
Franklin  Inst.,  15 1»  194-207. — The  author  defines  a  **  powder" 
as  a  means  of  propulsion  for  projectiles.  An  ''explosive"  is  a 
means  of  producing  powerful  shattering  effects.  In  a  powder, 
the  chemical  changes  are  comparatively  slow  or  progressive,  so 
that  the  whole  of  the  power  is  not  released  in  the  shortest  pos- 
sible period,  but  gradually  ;  an  explosive  develops  its  total  energy 
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in  the  shortest  possible  period  of  time.  A  powder  burns ;  an 
explosive  detonates  ;  a  powder  pushes  while  an  explosive  strikes 
a  shattering  blow.  The  requisites  of  a  powder  are  then  summed 
up  under  the  following  heads  :  ( i )  The  velocity  developed  ;  (2) 
the  pressure  attained ;  (3)  specific  gravity  and  gravimetric 
density ;  (4)  granulation ;  (5)  temperature  attained  during 
combustion ;  (6)  susceptibility  to  ignition  ;  (7)  smoke  and  ash  ; 
(8)  friability  ;  (9)  sensitiveness  to  shock  ;  (10)  suitability  for 
loading  by  machinery  ;  (11)  sensitiveness  to  environment,  such 
as  heat,  moisture,  etc.  ;  (12)  stability.  Each  of  these  headings 
is  then  taken  up  in  detail  and  considered  at  length,  but  no  con- 
densed abstract  can  be  made. 

High  Explosives :  Tlieir  Uses  in  Peace  and  War.    By  B.  L. 

Zalinski.  Intemationdl  Monthly,  i,  676-692. — In  this  popular 
discussion  is  given  a  r^sum^  of  some  of  the  more  common  high 
explosives,  their  composition,  properties  and  the  conditions  under 
which  they  may  be  used.  Nitroglycerine  ;  guncotton  ;  dyna- 
mites and  their  various  combinations  as  blasting  gelatine, 
explosive  gelatine,  and  gelatine  dynamites  are  briefly  con- 
sidered, and  also  the  Sprengel  group.  The  picric  add  class  is 
given  some  attention  because  of  its  public  notoriety  rather 
than  intrinsic  merit.  It  is  pointed  out  that  the  presence  of  small 
amounts  of  metallic  oxides  in  these  explosives  constitute  an  ele- 
ment of  unusual  danger.  This  class  requires  very  powerful 
detonators  to  evolve  their  full  power  and  when  not  fully  exploded 
they  evolve  dense  clouds  of  noxious  fumes.  The  use  of  lyddite 
in  war  has  demonstrated  that  incomplete  explosions  are  frequent 
but  in  even  a  greater  number  of  cases  entire  failure  to  explode 
occurs.  The  same  result  is  likely  to  follow  the  use  of  melinite. 
Liquid  air  as  an  explosive  is  powerful  but  the  chances  of  its 
being  used  industrially  or  for  war,  are  small.  All  high  explo- 
sives are  capable  of  several  orders  of  detonation,  from  mere 
ignition  to  the  most  powerful  explosion ;  these  differences  may 
be  caused  by  the  nature  of  the  * '  tamping  "  or  by  the  character 
and  manner  of  initial  ignition  and  explosion.  With  all  high 
explosives,  mercury  fulminate  is  best  adapted  to  educing  the 
maximum  power  of  the  explosive  ;  and  it  is  also  important  that 
the  proper  quantity  of  fulminate  be  used.  The  more  insensitive 
the  explosive  the  greater  the  charge  of  fulminate  required.  The 
position  of  the  exploder  cap  in  the  charge  is  also  very  important. 
A  table  of  the  relative  force  of  various  high  explosives  is  given, 
based  on  gunpowder  as  unity  ;  in  this,  nitroglycerine  stands  at 
12  ;  blasting  gelatine,  16  ;  dynamite  No.  i,  at  10  ;  and  lyddite 
and  melinite,  3  each.  The  influence  of  the  specific  gravity  in 
obtaining  results  from  explosives  is  discussed  briefly,  and  it  is 
then  shown  that  the  time  element  in  the  explosion  governs  the 
energy  realized.     The  actual  energy  secured  seems  to  be  more  or 
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less  independent  of  the  chemical  constitution.     The  methods  of 
using  high  explosives  are  then  considered  somewhat  at  length. 

Rubber  In  Guatemala.  By  Jas.  C.  McNally.  U.  S.  Consu- 
lar Rep.,  65,  371-375. — ^This  is  a  general  description  of  the  culti- 
vation and  collection  of  crude  rubber  in  that  country.  Planting 
and  cultivation  of  the  Castilloa  elastica  is  now  well  established  ; 
the  tree  develops  in  from  seven  to  nine  years,  and  then  may  be 
tapped  twice  a  year.  The  yield  is  from  two  to  four  pounds  of 
milk  yearly,  and  the  resulting  rubber  is  worth  from  one  to  two 
dollars.  The  method  and  precautions  to  be  observed  in  tapping 
are  stated,  and  also  the  process  of  coagulating  the  juice. 

The  Condition,  Prospects,  and  Future  Educational  Demands 
of  the  Chemical  Industries.  By  Wm.  McMurtrib.  /.  Am, 
Chem.  Soc. ,  33. 7 1-89. — This  article  is  the  presidential  address  de- 
livered at  the  Chicago  meeting  of  the  Society,  December  27,  1900. 
It  contains  an  excellent  review  of  the  progress  of  the  chemical 
industries  in  this  country,  especially  during  the  last  two  decades. 
Tables  showing  the  values  of  chemicals  imported  and  exported 
during  this  period  are  given,  from  which  it  is  seen  that  in  certain 
lines  an  enormous  growth  in  our  domestic  industries  has  taken 
place  ;  but  in  other  directions  there  is  still  necessity  for  further 
developments  of  our  own  sources  of  crude  materials.  The  ques- 
tion of  the  proper  education  of  technical  chemists  is  also  ably 
discussed. 

A  Comparative  Method  of  Determining  the  Fusing- 
Points  of  Asphalts.  By  Chas.  F.  Mabery  and  Otto  J. 
SiEPLEiN.  y.  Am.  Chem.  Soc,  23,  16--20. — The  method  con- 
sists in  heating  the  specimen  in  a  narrow  beaker  which  is  sup- 
ported in  a  glycerine-,  water-,  or  air-bath.  The  dimensions  of  a 
convenient  apptaratus  are  given  and  by  maintaining  certain  con- 
stants the  results  are  reasonably  close.  The  page  number  given 
for  this  article  in  the  index  on  the  cover  is  incorrect. 

rianufacture  of  Rublier  In  the  Philippines.  By  G.  D.  Rice. 
Western  Electrician^  37,  332. — A  description  of  the  methods  of 
preparing  crude  rubber. 

The  Manufacture  of  Uranium  Compounds.  By  J.  Ohly. 
Min.  and  Sci.  Press,  82,  125-134. — A  complete  analysis  of 
camotite  (potassium-sodium  vanadio  uranate)  by  Hillebrand  is 
quoted,  and  determinations  of  U,Og  in  six  samples  by  the  author 
are  the  only  special  features  to  note  in  the  article.  The  author 
finds  that  Hillebrand's  analysis  was  of  a  selected  ore  sample,  and 
that  the  average  value  in  uranium  oxide  is  seldom  above  6  per 
cent.,  although  two  of  the  author's  analyses  show  8.68  and  17.06 
per  cent.  UjOg,  respectively.  The  uranium  is  extracted  by  treat- 
ing the  ore  with  dilute  nitric  acid,  and  precipitating  the  uranium 
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with  caustic  soda  wheu  a  sodium  uranate,  Na2U3.6H,0,  contami- 
nated with  iron,  alumina  and  lime,  separates  as  crude  "uranium 
yellow."  From  this  the  refined  uranium  oxide,  or  sodium 
uranate  is  obtained.  The  methods  of  extracting  uranium  from 
pitchblende  are  also  explained.  Uranium  compounds  are  em- 
ployed for  making  a  fluorescent,  greenish-yellow  glass,  for  orange 
and  black  glazes  on  porcelain  and  in  china  painting.  The  carbide 
of  uranium  is  employed  as  a  substitute  for  platinum  in  pyrom- 
eters owing  to  its  high  melting-point,  and  as  an  addition  to 
steel  for  improving  its  toughness  and  tensile  strength. 

The  Cause  of  Foaming  in  Locomotive  Boilers.  By  C.  Hbr- 
SCHEL  KOYL.  Railroad  Gazette,  33, 663, 664. — The  author  believes 
that  foaming  is  caused  by  fine  particles  of  suspended  matter  in 
the  boiler  water,  or  at  least  that  it  will  not  foam  unless  such  sus- 
pended matter  is  present.  He  discredits  the  idea  that  free  alkali 
or  alkaline  salts  alone  will  cause  foaming.  Experiments  are 
described  in  which  he  introduced  pure  sodium  carbonate  into 
boiling  distilled  water  without  causing  foaming  ;  but  the  addition 
of  a  fine  insoluble  powder,  such  as  calcium  carbonate  or  magnesia 
alba,  caused  foaming.  He  shows  that  the  introduction  of  rain 
or  other  soft  water  into  a  boiler  previously  fed  with  hard  water, 
causes  foaming  owing  to  the  disintegrating  action  of  the  pure 
water  on  the  scale  left  by  the  hard  water.  The  addition  of  alkali 
to  the  feed  water  produces  the  same  effect,  if  the  boiler  has  been 
previously  scaled,  because  of  its  disintegrating  action  on  the 
scale.  Three  physical  conditions  are  recognized  in  boiling  liquids: 
'*  bumping,'*  when  the  steam  rises  in  great  bubbles,  which  throw 
the  liquid  about,  the  thumping  being  produced  by  the  liquid 
falling  back  to  its  place  ;  ' '  quiet  boiling  * '  when  the  steam  enters 
the  water  freely  and  rises  through  it  without  diflSculty  ;  **  foam- 
ing,'* when  steam  and  water  are  so  intimately  mixed  that  they 
cannot  be  easily  separated  and  the  liquid  is  carried  out  with  the 
bubbles  of  steam.  The  author  explains  the  phenomena  of  super- 
cooling and  superheating  and  then  reasons  that  pure  water  in  a 
clean  boiler  tends  to  become  superheated  at  the  heating  surface 
and  therefore  **  bumps,**  but  the  presence  of  small  quantities  of 
foreign  matter,  such  as  all  ordinary  water  contains,  furnishes 
small  surfaces  from  which  the  steam  is  more  frequently  liberated, 
generally  resulting  in  quiet  boiling ;  but  if  the  number  of  par- 
ticles be  increased,  the  liberation  of  steam  throughout  the  water 
in  the  vicinity  of  each  particle,  causes  such  numerous  bubbles, 
which  so  fill  the  mass  of  liquid,  that  it  occupies  the  whole  space 
of  the  boiler,  making  it  impossible  for  the  bubble  to  break  at  the 
surface,  without  throwing  off  water  mechanically  with  the  steam. 
The  ordinary  cases  of  foaming  produced  by  the  addition  of  a 
precipitant,  or  of  alkaline  feed  water,  or  of  muddy  water,  or  of 
artificially  softened  water,  are  then  considered  in  some  detail. 
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The  Treatment  of  Water  for  EU>ilers.  By  H.  Stillman. 
Railroad  Gazette,  3^,  675. — This  is  a  general  discussion  of  the 
methods  of  purifying  water  for  locomotives. 

Fertilizers. — Canada  Exp.  Farms  Rpl.^  i899f  ^37-^43  /   Conn.  \ 

Sta.  Rpt. ,  1899,  (/) ,  g2;  Ind.  Purdue  Uiiiv.  Spec.  Dull.  .Aug.,  1900/ 
La.  Sta.  Bull.,  No.  5^,  18^264.  ;  Mass.  Hatch  Sta.  BuU.,  No.  68; 
Me.  Sta.  Bull.,  No.  66;  No.  72;  Miss.  Sta.  Bull.,  No.  64;  N.  C.  ^ 

State  Bd.  Agr.  Bull.,  No.  ^i;  N.  J.  Sta.  Bull.,  No.  145;  A^.  Y. 
Sta.  {Geneva)  Bull.,  No.  177;  Penna.  Dept.  Agr.  Bull.,  No.  54; 
Penna.  Dept.  Agr.  Rpt.,  1^^821-974  ;  R.  I.  Sta.  Bull.  Nos.  67, 
70 ;  5.  C.  Sta.  Rpt. ,  1899,  ^16  ;  32-34  ;  S.  C.  Sta.  Btdl. ,  No.  54 ; 
W.  Va.  Sta.  Bull.,  No.  65;  Wis.  Sta.  Bull.,  No.  86;  Vt.  Sta. 
Bull.,  Nos.  79.  80;  A>.  Sta.  Rpt.,  1898,  16. 
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PHYSICAL  CHEMISTRY. 

H.  M.  Goodwin,  Rbvibwbr. 

Differences  of  Potential  lietween  fletals  and  Non-Aqueous 
Solutions  of  Tlieir  5alts.  II.  By  Louis  Kahi^enberg.  /.  Phys, 
Chem.,  4,  709-714.— This  is  a  continuation  of  previous  work 
(Jhis  Rev,,  6,  11),  throwing  doubt  on  the  applicability  of  Nernst's 
theory  to  cells  composed  of  non-aqueous  solutions.  Silver  nitrate 
in  pyridine  and  in  acetonitrile  and  cadmium  iodide  in  acetonitrile 
were  the  solutions  used.  As  only  five  concentration  cells  were 
measured  and  no  account  taken  of  the  P.D.  at  the  liquid-liquid 
junction  in  the  computation,  further  experiments  are  certainly 
desirable  before  discarding  Nernst^s  theory,  or  questioning  itsap* 
plicability  '*  even  in  the  case  of  aqueous  solutions.** 

Qas-Polarization  in  Lead  Accumulators.  ^  By  C.  J.  Rekd. 

/.  Phys.  Chem.,  5,  1-17. — The  author  attempts  to  disprove  the 

results  and  conclusions    published   by    Nemst   and    Dolezalek 

{Ztschr,  fur  dec,   Chem.,  1900).      For  details  of  the  calculations 

and  experiments  reference  must  be  made  to  the  article. 

Lai>oratory    Apparatus  for  Decomposition   Voltages.      By 

Wilder  D.  Bancroft.  /.  Phys.  Chem,,  5,  133-136. — A  milli- 
ammeter  is  placed  in  series  with  the  electrolytic  cell  around  the 
terminals  of  which  a  high  resistance  voltmeter  is  connected.  The 
impressed  electromotive  force  is  gradually  increased,  while  the 
readings  of  the  ammeter  and  voltmeter  are  simultaneously  noted. 
The  voltage  corresponding  to  the  sudden  increase  of  current 
through  the  cell  is  taken  as  the  decomposition  voltage.  Although 
no  great  accuracy  is  claimed  for  the  method,  it  is  a  simple  and 
instructive  laboratory  experiment. 

On  the  Dielectric  Constants  of  Nitriles.  By  Herman 
SCHLUNDT.    /.  Phys,  Chem,,  5,  157-170.— The  following  values 
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were  obtained  by  Drude's  well  known  method  of  electrical  oscil- 
lations. 

D.C. 
Solvent.  r  (Air  —  i.) 

Hydrocyanic  add 21  95 

Acetonitrile 21  36.4 

Propionitrile 22  26.5 

Butyronitrile 21  20.3 

laopropyl  cyanide 24  20.4 

Valenmitrile  («) 21  17.4 

Isobutyl  cyanide 22  I7*95 

Capronitrile 22  15.5 

Benzonitrile 21  26.0 

Benzyl  cyanide 21  14.9 

Toluonitrile  (ortho) 23  18.4 

Pyridine 21  12.4 

Quinoline 21  8.8 

These  results  taken  in  conjunction  with  the  available  results  on 
the  molecular  conductivity  of  silver  nitrate  in  the  above  solvents 
show  that  the  Nemst-Thomson  rule  is  verified  only  in  the  case  of 
the  homologous  series, — aceto-,  propio-,  and  butyro-nitriles.  The 
molecular  conductivity  of  silver  nitrate  in  propionitrile,  on  the 
other  hand  is  much  greater  than  in  benzonitrile,  although  the 
D.C.  of  both  solvents  is  nearly  identical.  A  pyridine  solution 
conducts  better  than  a  corresponding  butyronitrile  solution,  al- 
though the  D.C.  of  the  former  sol  vent  is  only  61  per  cent,  of  that 
of  the  latter. 

Conductivity  measurements  of  salts  in  liquid  hydrocyanic  acid 
which  are  now  being  made  will  be  of  much  interest  in  view  of  its 
abnormally  high  dielectric  constant. 

The  Electromotive  Force  of  Polarization  of  Electrol3rtic  Cells 
for  Very  Small  Current  Densities.  By  Barry  Mac  Nutt. 
Phys.  Rev,,  8,  237-243, — The  variation  of  the  e.m.f.  of  polariza- 
tion with  the  time  was  noted  when  a  current  was  passed  through 
such  reversible  cells  as  zinc  electrodes  in  zinc  sulphate,  copper 
electrodes  in  copper  sulphate,  etc.  It  was  found  that  if  the  cell 
had  been  standing  on  open  circuit  for  a  long  time  that  the  polari- 
zation gradually  decreased  with  the  time.  If,  however,  on  closed 
circuit  the  current  was  suddenly  reduced,  the  polarization  gradu- 
ally increased  with  the  time.  The  author  attempts  to  explain 
these  results  by  assigning  a  different  osmotic  pressure  to  the  ions 
under  the  different  conditions  of  the  experiment.  No  reference 
is  made  to  the  undoubted  concentration  differences  arising  at  the 
electrodes. 

On  the  Application  of  the  Dissociation  Theory  to  the  Elec- 
trolyste  of  Aqueous  Solutions  Containing  Two  Electrol3rtes 
with  a  Common  Ion.  By  J.  G.  MacGregor.  Phys.  Rev.,  8, 
129-140. — ^The  author  discusses  the  results  of  Schrader  and  Hopf- 
gartner  by  comparing  them  with  the  relative  amounts  of  ions 
transferred  in  the  electrolysis  of  invert  electrolytes,  as  calculated 
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by  the  relation  oi^^v^\i^  l^t^t'^tP^oo  » the  values  of  a  (electrolytic 
dissociation)  being  obtained  by  the  graphical  method  deiscribed 
by  the  author  in  1896.  The  agreement  was  found  to  be  fairly 
satisfactory  in  the  case  of  mixtures  of  NaCl  and  HCl,  and  of  KI 
and  KCl,  but  less  so  in  the  case  of  BaCl,  and  HCl.  The  discor- 
dant results  with  CuSO^  and  HjSO^  were  explained  on  the  as- 
sumption of  the  presence  of  acid  salt  in  the  solution. 

The  flagnetic  Molecular  Susceptibility  of  Salts  of  the  Iron 
Group.  By  O.  Liebknecht  and  A.  P.  Nills.  PAys.  Rev., 
10,  215-228. — ^The  method  employed  was  that  described  by  du 
Bois,  in  which  a  paramagnetic  solution  is  diluted  with  a  diamag- 
netic  solvent  until  the  motion  of  the  meniscus  of  the  resulting 
mixture  in  a  capillary  tube  placed  in  a  strong  magnetic  field  be- 
came zero.  The  halogen  salts,  nitrates  and  sulphates  of  chro- 
mium, manganese,  iron,  cobalt,  nickel,  and  copper  were  investi- 
gated with  the  following  general  results  :  The  molecular  suscep- 
tibility increases  from  chromium  to  manganese  and  iron,  and  then 
decreases  to  copper.  With  the  halogens  there  is  an  increase  from 
the  fluoride  to  chloride,  with  a  following  decrease  to  the  iodide/ 
Simple  additive  properties  do  not  appear  to  be  present.  Experi- 
ments on  the  efiFect  of  a  magnetic  field  on  surface  tension  as  indi- 
cated by  the  *' dropping  *'  method  confirmed  Quincke's  results 
and  conclusions  in  the  case  of  paramagnetic  solutions.  In  the 
case  of  diamagnetic  water,  the  dropping  could  be  completely 
stopped  by  a  field  in  which  the  magnetic  force  acts  upward 
against  the  hydrostatic  pressure.  Unmagnetic  solutions  dropping 
in  an  atmosphere  of  illuminating  gas  were  uninfluenced  by  a  mag- 
netic field. 
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\%.  H.  Richards,  Rbvzbwbr. 

A  5tudy  of  the  Relative  Value  of  Lacmoid,  Phenacetolin, 
and  Erythrosine  as  Indicators  in  the  Determination  of  the  Al- 
kalinity of  Water  by  Hehner's  Hethod.  By  Joseph  W.  Ei.i,ms. 
/.  Am.  Chem.  Soc,^  21,  359-369. — The  author  concludes  that  all 
the  indicators  are  suitable  with  proper  care  and  skill,  but  that  if 
uniformity  of  results  within  very  narrow  limits  is  desired  the 
preference  should  be  given  to  erythrosine. 

Measurements  of  •*  Turbidity  "  in  Water.  By  W.  P.  Mason. 
/.  Am.  Chem  Soc,  21,  516-517. — The  turbidity  of  the  water  is 
compared  with  that  of  a  standard  kaolin  solution  ( i  gram  per 
liter)  in  a  2-foot  tube  and  is  expressed  in  parts  per  million. 

Standard  Methods  of  Water  Analysis.  Preliminary  Re- 
port, Comm.  Am.  Pub.  Health  Assoc,  y  Geo.  W.  Fuller,  Chair- 
man. Eng.  Record,  Oct.  27,  1900;  Science,  12,  906-915  ;  Ann. 
Rept.  Am.  Pub.  Health  Assoc,  26,  3 15-31 6. ^-The limits  of  anab- 
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stract  will  not  permit  of  any  extended  notice  of  the  twelve  differ- 
ent chemical  tests  discussed  in  the  report. 

The  Artesian  Basins  of  Wyomini:.  By  Wilbur  C.  Knight, 
Wyo.  Expt.  Sta.  BulL^  45,  1-250. — In  connection  with  a  discus- 
sion of  water-bearing  zones  the  author  gives  analyses  of  twenty- 
seven  wells  and  springs  from  various  geological  formations  in  the 
state.  These  range  from  8  grains  per  gallon  of  total  solids  to  1 1 1 5 
grains;  from  0.7  to  40  grains  CaCO,;  from  0.2  to  73  grains  MgSO^; 
with  other  ingredients  in  similar  fluctuating  proportions.  On  pages 
182  and  183  will  be  found  a  summary  of  the  character  of  the  water 
to  be  expected  from  seventeen  horizons.  As  usual  the  purest 
water  is  found  in  the  Archean. 

The  Determination  of  Pliospliates  in  Potable  Waters.    By 

A.  G.  Woodman  and  L.  L.  Cayvan.  /.  Am.  Chem,  Sac.,  23, 
96-107. — After  a  r^sum6  of  previous  work  and  a  description  of 
the  methods  used,  the  authors  give  with  diagrams  the  results  of 
their  study  of  the  efiFect  of  temperature  on  the  color  developed 
and  on  dehydration  of  silica.  A  colorimetric  method  is  described 
which  is  applicable  to  colorless  well  waters  but  has  not  yet  been 
made  suitable  to  colored  surface  waters. 

Permanent  Standards  for  Use  in  tlie  Analysis  of  Water. 

By  Daniei,  D.  Jackson.  Tech.  Quart.,  13,  314-326.— The 
author  says  that  colorimetry  plays  such  an  important  part  in  the 
analysis  of  water  that  standards  for  comparison  are  in  constant 
use.  Much  time  would  be  saved  if  permanent  solutions  could 
be  kept  on  hand  and  the  paper  is  an  account  of  the  preparation 
of  six  of  these  standards,  viz.,  for  color,  turbidity,  nitrogen  as 
ammonia,  as  nitrite,  and  as  nitrate,  and  for  iron. 

Description  of  Experimental  Filter  Plant  at  Pittsburgh,  and 
Results  of  Experiments.  By  Morris  Knowles.  /.  N.  E. 
Water  Works  Assoc.,  15,  148-188. — After  a  discussion  of  the  ap- 
paratus and  methods  used  eight  tables  of  results  of  the  chemical 
examination  of  the  water  of  the  Allegheny  river  and  of  the  efflu- 
ents of  the  sand  and  mechanical  filters  are  given.  The  following 
summary  of  the  general  results  for  the  seven  months  ending 
August  31,  1898  will  be  of  interest. 

Percentage  of  constituents  removed. 
Sand  filters.  Mechanical  filters. 


.A. 


No.  I.  No.  2.  Warren.  Jewell. 

Color M 73  73  88  88 

Nitrogen  as  alb.  ammonia  .     47  48  55  57 

Free  ammonia 10  10  5  10 

Nitrites 

Nitrates —13  3  3  » 

Chlorine 2  5  6  12 

Total  solids 30  31  38  39 

Suspended  matter 100  100  98  98 

Total  hardness —34  — 35  8  10 

Alkalinity —45  —46  33  31 

Sulphuric  add ..  — 62  — ^38 
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PROXIMATE   ANAI^YSIS. 

A.  G.  WOODlf  AN ,  RBVIKWKR. 

A  Simple  Test  to  Distinguish  Oleomargarine  from  Butter, 

By  Charles  Lathrop  Parsons.  /.  Am,  Chem.  Soc.  23,  200- 
202. — A  100  cc.  beaker  is  half  filled  with  sweet  milk  ;  this  is 
heated  to  boiling  aud  from  5  to  10  grams  of  butter  or  oleomarga- 
rine added.  The  mixture  is  stirred  with  a  wooden  splinter, 
about  the  size  of  a  match,  until  the  fat  is  melted.  The  beaker  is 
then  placed  in  cold  water  and  the  milk  stirred  until  the  fat  has 
hardened.  At  this  point  the  fat,  if  oleomargarine,  can  easily  be 
collected  together  into  one  lump  by  means  of  the  rod,  while  if 
butter  it  will  granulate  and  cannot  be  so  collected. 

A  Rapid  Method  for  the  Detection  of  ««Aniline  Orange"  In 
Milk.  By  Hermann  C.  Lythgoe.  /.  Am.  Chem,  Soc,  22,  813, 
814. — The  presence  of  "aniline  orange**  is  shown  by  the  pink 
color  given  to  the  curd  when  hydrochloric  acid  is  added  to  the 
milk  in  testing  for  formaldehyde  by  boiling  with  hydrochloric 
acid  and  ferric  chloride. 

Detection  of  Foreign  Coloring-Matter  in  Spirits.      By  C.  A. 

Crampton  AND  F.  D.  Simons.  /.  Am,  Chem,  Soc,,  22,810- 
813. — The  method  is  based  on  the  insolubility  in  ether  of  the 
coloring-matter  of  caramel  and  prune  juice.  The  test  is  made 
by  shaking  the  sample  with  ether,  separating  the  ethereal  from 
the  watery  layer,  and  comparing  the  color  of  the  latter  with  the 
color  of  the  original  spirits  by  means  of  the  tintometer.  Genuine 
spirits  gives  up  about  40  to  50  per  cent,  of  its  color,  while  spirits 
colored  by  caramel  alone  are  entirely  unaffected,  the  ethereal 
layer  remaining  water- white. 

The  Composition  of  American  Wines.  By  W.  D.  Bigeix)w. 
U,  S,  Dept,  Agr,,  Div,  of  Chem,,  Bull,  59,  1-76. —This  bulletin 
contains  tabulated  results  of  analysis  of  all  samples  of  American 
wine  having  a  definite  history  or  origin,  a  discussion  of  the 
interpretation  to  be  placed  on  the  analytical  results  and  a 
description  of  the  methods  of  analysis  employed. 

Report  on  Food  Products  for  1900.  By  B.  W.  Kii^gore  and 
W.  M.  A1.1.EN.  Bull.  N,  C,  State  Board  of  Agr,  (^igoo),  12,  i- 
61. — Details  are  given  of  the  examination  of  about  500  samples 
under  the  North  Carolina  *Ture  Food  Law**  of  1899.  Especial 
prominence  is  given  to  the  presence  of  preservatives  and  artificial 
coloring-matters. 

The  Composition  of  Jellies  and  Jams.  By  L.  M.  Toi^man, 
ly.  S.  MuNSON.  AND  W.  D.  B1GEI.0W.    /.  Am^  Chem,  Soc,  23, 
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347-353. — Analyses  are  given  of  over  forty  samples  of  fruit  and 
fruit  products  of  known  origin.  The  determinations  made 
include  total  solids,  ash,  total  acid  (as  H^SOJ,  proteids  (NX  6.25), 
reducing  sugars  and  cane-sugar.  The  analytical  methods  are 
briefly  described. 

Cloves.  By  A.  McGill.  Canada  Inland  Revenue  DepL ,  Bull. 
73,  1-14. — Twenty-eight  samples  of  whole  cloves  have  been  ex- 
amined as  follows  :  Moisture  was  determined  by  drying  the 
ground  sample  over  sulphuric  acid  in  vacuo  for  24  hours  ;  the 
total  volatile  matter  was  determined  by  drying  the  sample  at 
98^  C.  for  18  hours  ;  and  the  total  extractive  matter  (fixed  and 
volatile  oils)  was  found  by  extraction  of  the  dry  substance  with 
petroleum  ether.  From  the  results  obtained  the  author  is  of  the 
opinion  that  no  sample  of  cloves  of  good  quality  should  yield  less 
than  14  per  cent,  of  volatile  oil  when  treated  in  the  manner  de- 
scribed. 

Twenty-fourth  Ann.  Rept.  Conn.  Agr.  Expt.  Sta.  (1900)9 
Part  II,  105-218. — ^This  bulletin  contains  the  results  of  further 
examination  of  food  products  under  the  Connecticut  Pure  Pood 
Law.  In  all,  1339  food  samples  have  been  examined  during  the 
year.  A  detailed  description  is  given  of  the  methods  employed  in 
the  examination  of  lard,  olive  oil,  and  baking-powders,  together 
with  the  results  of  analysis  of  numerous  samples.  Several 
samples  of  spring  water  were  also  analyzed. 

On  Heptane  from  Coniferous  Trees.  By  W.  C.  Blasdale. 
J.  Am.  Chem.  Soc,  23,  162-164. — Specimens  of  the  exudation 
from  five  species  of  coniferous  trees  were  examined  and  heptane 
found  in  two  of  them,  Pinus  Jeffryi  and  P.  Sabiniana. 

The  Complete  Analysis  of  Feeding  Haterials.     By  C.   A. 

Browne,  Jr.,  andC.  P.  Beistle.  /.  Am.  Chem.  Soc,  23,  229- 
236. — ^The  authors  have  made  a  detailed  analysis  of  a  sample  of 
distillery  waste  and  point  out  the  errors  which  may  result  from 
the  action  of  the  solvents  employed  upon  the  pentosans.  Malt 
extract  and  even  water  alone  were  found  upon  prolonged  diges- 
tion to  dissolve  a  considerable  amount  of  pentosans.  Thus  the 
percentage  of  dextrin  and  of  starch  obtained  in  the  usual  method 
of  analysis  might  be  appreciably  above  the  truth. 

The  Determination  of  Pentosans.  By  G.  S.  Praps.  Am. 
Chem.  J.  ^  25,  501-508. — When  vegetable  substances  are  distilled 
with  hydrochloric  acid  there  may  be  formed  besides  furfural  a 
substance  which  precipitates  phloroglucinol  and  is  destroyed  by 
redistilling.  The  author  uses  the  term  **furaloid*'  to  designate 
this  substance.  Furaloid-yielding  bodies,  which  were  found  in 
all  the  materials  tested,  are  hydrolyzed  by  boiling  1.25  per  cent, 
sulphuric  acid  and  lost  in  the  subsequent  evaporation.      Puraloid 
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is  not  formed  by  the  action  of  hydrochloric  acid  on  the  pentose 
sugars. 

ilethods  of  Determining  Proteid  Nitrogen  in  Vegetable  flat- 
ten By  G.  S.  Fraps  and  J.  A.  Bizzbll.  /.  Am.  Chem.  Soc.^ 
2a,  709-719. — The  authors  have  made  a  study  of  the  applicability 
of  phosphotungstic  acid  and  bromine  as  precipitants  for  the  pro- 
teids  of  vegetable  materials  and  reach  the  following  conclusions  : 
Phosphotungstic  acid  does  not  precipitate  proteids  completely  at 
90®  or  100**,  but  at  60®  precipitates  (at  least  in  the  case  of  vege- 
table materials)  very  nearly  the  same  amount  of  nitrogen  as  cop- 
per hydroxide.  Bromine  is  not  a  suitable  precipitant  for  proteids 
in  vegetable  materials  and  extraction  of  the  proteids  with  hot 
water  does  not  always  give  concordant  results.  The  method  open 
to  the  fewest  objections  seems  to  be  the  method  proposed  by 
Stutzer  (/.  /.  Landw.,  28,  103),  which  is  the  one  in  general 
use. 

Ijoss  of  Sulphur  in  Preparing  Asli  of  Plants.    By  G.  S. 

Fraps.  /.  Am.  Chem.  Soc,  23,  199,  200. — The  amount  of 
sulphur  was  determined  in  a  variety  of  plants  by  two  methods : 
a.  10  grams  were  burned  to  an  ash  at  the  lowest  possible  temper- 
ature, and  the  sulphur  determined  in  it.  b.  10  grams  substance 
were  burned  with  the  addition  of  20  cc.  of  a  solution  of  calcium 
acetate  (29.2  grams  per  liter).  The  sulphur  obtained  by  a  was 
from  4  to  100  per  cent,  less  than  that  found  by  b.  It  was  not 
determined  whether  or  not  all  the  sulphur  was  retained  by  the 
calcium  acetate. 

A  Metliod  for  tlie  Determination  of  tiie  Availability  of 
Organic  Nitrogen  in  Commercial  Fertilizers.  By  John  Phil- 
lips Street.  J.Am.  Chem.  Sac,  23,  330-338. — An  amount 
of  material  equivalent  to  0.075  gram  of  nitrogen  is  weighed  into  a 
500  cc.  Erlenmeyer  flask,  100  cc.  of  neutral  1.6  per  cent,  potas- 
sium permanganate  added,  and  the  mixture  digested  on  the  steam- 
bath  for  twenty  minutes  with  occasional  shaking.  The  solution 
is  filtered  and  washed  with  125  to  150  cc.  of  water.  The  nitrogen 
in  the  undigested  residue  is  determined  by  the  usual  Kjeldahl 
process.  Tests  on  a  considerable  variety  of  fertilizers  show  that 
the  method  places  them  in  about  the  same  rank  as  that  assigned 
by  vegetation  tests  and  agricultural  experience. 

The  Cliemical  Composition  of  flaryland  Soils.    By  P.  P. 

Veitch.     Md.  Agr.  Expt.  Sta.  BulL,  70,  64-114. 

Paraffine  as  a  Substitute  for  Ether  in  the  Preparation  of 
Extract  of  Nux  Vomica,  U.  5.  P.  By  Ferdinand  A.  Sieker. 
Pharm.  Rev.,  19,  56-61. — Paraffine  is  preferred  to  ether  because 
it  is  cheaper,  is  not  dangerously  inflammable,  and  can  be  easily 
separated  after  congealing  ;  it  separates  practically  everything 
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that  ether  separates,  as  well  as  an  insoluble  brown  substance  that 
ether  does  not  separate. 

The  Accurate  fleasurement  of  Tints  and  Shades  of  Colors. 

By  Oswald  Schreiner.  Pharm,  Rev,  19,  61-66. — This  is  a 
description  of  the  construction  and  manner  of  using  the  well- 
known  Lovibond  tintometer. 

The  Detection  of  Methyl  Alcohol  in  Pharmaceutical  Prepara- 
tions. By  Ferdinand  A.  Sieker.  Pharm,  Rev.,  19,  11 7-1 20. — 
The  author  employs  the  well  known  method  of  oxidizing  a  part 
of  the  alcohol  vapor  by  a  hot  oxidized  copper  spiral.  The  pres- 
ence of  methyl  alcohol  is  shown  by  the  odor  of  formic  aldehyde. 

The  Specific  Gravity  Tables  of  the  U.  S.  Pharmacopoeia. 

By  a.  B.  Lyons.  Pharm.  Rev.,  19,  101-107. — The  author  criti- 
cizes the  lack  of  unity  of  plan  of  the  tables  as  arranged  at  present 
and  submits  two  tables,  one  of  the  strength  of  hydrochloric  acid 
of  different  densities  and  the  other  a  specific  gravity  table  for 
glycerine,  as  models  for  future  tables  of  this  kind. 

The  Assay  of  Coca.  By  Wiluam  R.  Lamar.  Am.  J. 
Pharm.,  73,  1 25-131. — The  author  expresses  the  opinion  that 
the  discordant  results  in  the  assays  previously  published  are  due 
to  the  extreme  instability  of  the  alkaloids  accompanying  coca. 
For  this  reason  any  excess  of  strong  alkali  must  be  avoided  and 
the  strength  of  acid  employed  for  removing  the  alkaloids  from 
the  menstruum  must  be  carefully  regelated.  Kerosene  oil  is 
recommended  as  the  best  medium  for  the  exhaustion  of  coca  and 
detailed  directions  are  given  for  the  carrying  out  of  the  assay.  It 
is  concluded  that  the  coca  leaf,  to  be  of  good  quality,  should 
assay  by  the  process  described  about  0.7  per  cent,  of  total 
alkaloids. 

Assay  of  Crude  Drugs.  By  H.  M.  Gordin.  Am.  J.  Pharm., 
73»  159-168;  211-220. — The  author  considers  that  a  standard 
method  for  the  assay  of  a  given  drug  should  be  one  in  which  the 
exhaustion  is  so  complete  that  no  alkaloid  can  be  found  in  5  grams 
of  the  dregs  and  further  that  the  operations  involved  should  be 
such  as  are  not  liable  to  injure  the  alkaloid  in  question.  This 
question  of  a  standard  method  has  been  worked  out  for  some  of 
the  more  important  medicinal  drugs. 

The  Assay  of  Belladonna  Root  and  Its  Solid  Extract.     By 

Arthur  Wayne  Clark.  Am.  J.  Pharm.,  73,  22-29. — The  es- 
sential feature  of  the  method  described  consists  in  hot  extraction 
of  the  drug,  using  a  return-flow  condenser.  Consequently  there 
is  little  resinous  material  extracted  and  the  subsequent  *' shaking- 
out"  is  rendered  easier.  The  process  of  assay  is  minutely  de- 
scribed. 
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Adulterations  of  Essential  Oils.  By  Geo.  R.  Pancoast  and 
Lyman  F.  Kebler.  Am.  J.  Pharm,,  73,  i-io. — The.  authors 
give  a  list  of  a  number  of  essential  oils  with  the  adulterants 
usually  found  in  them,  together  with  a  brief  summary  of  the 
methods  for  their  detection. 

Thymoquinone  in  Wild  Bergamot  OIL  By  I.  W.  Brandel 
AND  E.  Kremers.  Pkarm.  Rev,,  19,  200-203. — Thymoquinone 
has  been  found  in  wild  bergamot  oil  {Monardajisiulosa  L.),  prob- 
ably the  first  case  in  which  this  has  been  isolated  from  a  volatile 
oil.  The  suggestion  is  made  that  the  increased  color  of  the  oil  on 
standing  is  due  to  the  formation  of  colored  derivatives  of  thymo- 
quinone. 

Hydrothymoqulnone  in  Wild   Bergamot  Oil.     By    I.    W. 

BrandelandE.  Kremers.  Pkarm,  Rev,,  19,244-246. — ^The 
substance  melting  at  140°,  previously  reported  by  the  authors  as 
occurring  in  Manarda  fistulosa  L,,  has  been  identified  as  hydro- 
thymoquinone. 
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Orthophenylsulphonetienzoic  Acid  and  Related  Compounds. 

By  Hall  Canter.  Am,  Chem,  J,,  25,  96-110. — <?-Tolylphenyl- 
sulphone  (m.  p.  68°),  prepared  by  means  of  the  Friedel  and 
Crafts  reaction  from  ^-toluenesulphone  chloride,  was  oxidized  to 
^-phenylsulphonebenzoic  acid.  The  acid  is  anhydrous  and  melts 
at  267°-268°.  Graebe  and  Schulteiss,  who  claim  to  have  made 
this  compound  by  treating  phenylthiosalicylic  acid  with  strong 
nitric  acid,  state  that  it  contains  one  molecule  of  water  of  crystal- 
lization and  that  it  melts  at  99°  when  hydrated  and  at  152°  after 
being  heated  at  105°.  The  barium,  magnesium,  calcium,  stron- 
tium, zinc,  copper,  and  sodium  salts  of  (i-phenylsulphonebenzoic 
acid  were  prepared.  The  chloride  of  the  acid  melts  at  262.5°- 
263.5°  and  was  converted  into  an  amide,  which  sublimed  and 
melted  indistinctly  at  22o°-257°,  and  into  an  anilide,  which 
melted  at  234°-235°.  ^^-Benzoyldiphenylsulphone  was  prepared 
by  condensing  the  chloride  of  ^-phenylsulphonebenzoic  acid  with 
benzene  in  the  presence  of  aluminium  chloride.  The  compound 
was  found  to  be  identical  with  the  substance  prepared  by  the  same 
reaction  from  the  chlorides  of  (i-sulphobenzoic  acid.  The  sulphone 
gave  benzoic  acid  when  it  was  fused  with  potassium  hydroxide. 

On  the  Importance  of  Formic  Aldehyde  as  a  Product  of  the 
Partial  Combustion  of  Organic  Compounds.  By  S.  P.  Mulli- 
KEN,  WITH  J.  W.  Brown  and  R.  P.  French.  Am,  Chem,  /., 
25,  111-117. — In  studymg  a  test  for  methyl  alcohol  Mulliken 
and  Scudder  (this  Rev,  7,  82)   showed  qualitatively  that  formic 
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aldehyde  is  one  of  the  most  common  products  of  the  partial  oxi- 
dation of  organic  compounds  by  copper  oxide,  and  that 
its  appearance  in  minute  traces  as  a  result  of  such  oxi- 
dation should  not  be  accepted  as  sufficient  proof  that  the  substance 
burned  contains  a  methoxyl  group.  In  order  to  determine  to 
what  extent  formic  aldehyde  is  formed  when  organic  compounds 
are  partially  oxidized,  a  quantitative  study  of  the  oxidation- 
products  of  a  number  of  substances  was  made.  The  method  of 
carrying  out  the  experiments  was  that  used  by  Loew  for  the 
preparation  of  formic  aldehyde  from  methyl  alcohol.  The 
gaseous  products  of  the  reaction  were  collected  in  water.  In 
order  to  separate  the  acetic  aldehyde  from  the  formic  aldehyde 
formed,  the  solution  of  the  gases  was  boiled  in  a  flask  provided 
with  a  return  condenser.  The  acetic  aldehyde,  which  was  re- 
moved from  the  solution  by  this  procedure,  was  condensed  and 
determined.  This  method  of  separation  was  found  to  be  simple 
and  exact.  The  compounds  chosen  for  oxidation  were  carefully 
purified.  The  amount  of  substance  used  in  each  experiment 
varied  from  40  to  275  grams.  The  substances  used  and  the  per 
cent,  yield  of  formic  aldehyde  in  each  case  were  as  follows  :  ace- 
tone, 0.22  ;  ethyl  alcohol,  0.44  ;  pentane,  0.88;  acetic  acid,  0.84; 
ethyl  oxide,  1.86 ;  amylene,  2.01  ;  normal  propyl  alcohol,  2.72  ; 
trimethyl  carbinol,  5.17. 

On  th«  Non-Existence  of  Trivalent  Carbon.  By  James  P. 
NoRRis.  Am.  Chem.  J.,  25, 11 7-1 22. — ^The author,  while  study- 
ing the  action  of  sodium  on  triphenylchlormethane,  came  to  the 
conclusion  that  the  metal  caused  the  elimination  of  hydrogen 
chloride  from  the  compound,  and  that  a  highly  unsaturated  com- 
pound was  formed,  which  was  identical  with  a  substance  previ- 
ously described  by  Gomberg.  According  to  Gomberg,  who  pre- 
pared the  compound  by  treating  triphenylchlormethane  with  zinc, 
the  substance  was  a  free  radical,  triphenylmethyl,  (C,H5),C — , 
the  reaction  consisting  simply  in  the  removal  of  the  halogen  atom 
from  the  compound.  In  order  to  test  the  view  that  hydrogen 
chloride  was  removed  and  not  chlorine  alone,  the  author  studied 
the  action  of  zinc  on  triphenylchlormethane  dissolved  in  ethyl 
acetate,  as  this  solvent  has  a  marked  efltect  on  the  removal  of  hd- 
ogen  atoms  from  organic  compounds.  The  reaction  took  place 
readily,  and  hydrogen  and  hydrogen  chloride  were  evolved.  Ac- 
cording to  the  view  of  Gomberg,  the  unsaturated  compound  unites 
directly  with  oxygen  and  is  so  converted  into  a  peroxide  of  the 
structure  (QHJjC — O — O — CCC^H^),.  According  to  the  author, 
this  compound  could  be  formed  only  by  the  combined  action  of 
oxygen  and  water  on  the  unsaturated  hydrocarbon.  A  stream  of 
dry  air  was  drawn  through  a  benzene  solution  of  the  unsaturated 
compound  for  twenty  minutes  and  the  peroxide  was  not  precipitated . 
The  author  is  of  the  opinion,  therefore,  that  the  action  of  metals 
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on  triphenylchlormethane  consists  in  the  removal  of  hydrogen 
chloride  and  not  chlorine  alone. 

The  Synthesis  of  Amines  by  the  Use  of  Alkyl  Salicylates. 

By  Alfred  Tingle.  Am.  Chem.J.,  25,  144-155. — It  has  been 
previously  shown  by  the  author  that  when  alkyl  salicylates  are 
boiled  with  an  excess  of  aniline,  the  alkyl  group  is  introduced 
into  the  aniline  molecule,  a  secondary  aniline  being  produced,  and 
carbon  dioxide  and  phenol  are  formed.  It  was  also  shown  that 
when  dry  ammonia  is  passed  into  boiling  methyl  salicylate,  di- 
methylamine  is  produced,  but  no  phenol  is  formed.  The  work 
described  in  the  present  paper  was  undertaken  to  find  out,  if  pos- 
sible, the  mechanism  of  the  synthesis.  Dry  ammonia  was  passed 
into  boiling  methyl  salicylate  for  twenty  hours  and  the  non- volatile 
products  of  the  reaction  were  separated  and  identified.  These 
were  found  to  be  salicylamide  and  polysalicylic  nitrile,  which  was 
present  in  very  small  quantity.  With  the  ethyl  and  isoamyl 
esters  a  reaction  took  place  very  slowly,  but  in  neither  case  was 
there  any  evidence  of  the  formation  of  an  amine.  The  action  of 
aniline  on  methyl  benzoate  was  next  studied  to  determine  whether 
an  analogous  reaction  took  place  in  this  case.  The  sole  product 
of  the  reaction  was  benzanilide,  no  amine  being  produced.  It 
was  found,  however,  that  the  reaction  took  place  in  the  reverse 
direction.  Benzoic  acid  and  dimethylaniline,  when  boiled  together 
for  nine  hours,  yielded  a  mixture  from  which  methyl  benzoate 
was  isolated.  The  reactions  involved  in  these  syntheses  can  be 
expressed  by  the  following  equation  : 

R.COOR'  +  C,H,NH,;riR.COOH  +  CeH^NHR' 
The  reaction  is  a  reversible  one  and  the  end-products  are  deter- 
mined by  the  velocities  in  the  two  directions  and  the  stability  of 
the  acid  set  free  from  the  ester.  In  the  case  of  the  salicylates  the 
acid  liberated  is  readily  decomposed  into  carbon  dioxide  and 
phenol  when  the  reaction  takes  place  in  the  presence  of  aniline, 
but  when  ammonia  is  used,  ammonium  salicylate  is  formed,  which 
is  changed  at  the  temperature  of  the  reaction  into  salicylamide. 
When  methjd  salicylate  and  aniline  in  the  molecular  proportions 
of  two  to  one,  respectively,  were  boiled  together  for  six  hours  the 
resulting  basic  oil  consisted  wholly  of  dimethyl  aniline.  To  de- 
termine if  the  formation  of  substituted  anilines  in  this  reaction 
was  dependent  upon  the  fact  that  the  acid  set  free  from  the  ester 
was  decomposed,  the  action  of  aniline  on  methyl  ^-hydroxyben- 
zoate  and  the  corresponding  meta  ester  was  studied.  The  meta 
compound  gave  the  anilide  and  no  substituted  aniline,  while  the 
para  compound  gave  phenol  and  methyl  aniline  or  dimethyl 
aniline,  according  to  the  quantities  of  the  substances  used. 
Methyl  »«-hydroxybenzoate,  prepared  by  Fischer's  method,  crys- 
tallizes in  needles,  which  melt  at  70°.  The  author  explains  the 
reactions  by  assuming  that  an  intermediate  addition-product  of 
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tbe  ester  and  amine  is  fiist  fonned,  and  that  this  tmstahk*  oom- 
poctnd  bfeaks  down  into  either  a  secondary  amine  and  an  acid  or 
an  alcohol  and  an  anilide 

The  CyjmnUii  «i  Bmawic  Bt  Geokgb  M.  Richajidson. 
Am.  Chem.  /.,  25, 123-144. — ^The  anthor  discusses  at  scnne  length 
the  chemistry  of  henzene  and  its  derivatives  and  has  come  to  the 
oondttsion  that  the  formula  of  benzene,  as  pat  forward  by  Claus 
and  modified  by  Loschmidt,  is  more  in  accord  with  the  facts  than 
is  the  centric  fonnnla.  This  eondnsion  has  been  reached  by  a 
stody  of  the  phenomena  of  substitntion,  redaction,  and  oxidation, 
and  the  effect  of  position  of  the  substituting  group  upon  the 
properties  of  a  compound.  A  large  number  of  apparently  inde- 
pendent facts  have  been  brought  together  and  so  grouped  that 
interesting  and  important  relationships  have  been  brought  to 
light.  On  accotmt  of  its  nature  the  paper  can  not  be  reviewed 
adequately  in  a  brief  space. 

On  the  Actioo  of  Aromatic  Solphoocliloiides  on  Urea.    Bt 

IsA  Rkhsbn  and  W.  W.  Ga&nbk.  Am,  Ckem.  /.,  25,  173- 
190. — Some  time  ago  Blander  found  that  a  compound  of  the 
formula  CcH^.SO.N^HjCjO,  +  H,0  was  formed  when  benzene 
sulphonchloride  and  urea  reacted,  at  100^,  in  the  molecular  pro- 
portion of  one  of  the  former  to  two  of  the  latter.  The  authors 
have  studied  this  condensation  further,  and  have  proved  that  the 
reaction-product  is  the  benzene  sulphonate  of  guanylurea.  It  is 
probable  that  in  the  reaction  the  sulphonchloride  acts,  in  the 
first  instance,  as  a  dehydrating  agent,  thus  causing  the  union  of 
two  molecules  of  urea  with  the  elimination  of  water  and  the  con- 
sequent formation  of  guanylurea.  This  liberated  water  converts 
a  part  of  the  sulphondiloride  into  the  sulphonic  add,  which,  in 
turn,  unites  with  the  urea  derivative  to  form  a  salt.  The  con- 
densation-product was  shown  to  be  the  benzenesulphonate  of 
guanylurea  by  comparing  it  with  a  sample  of  the  sulphonate  pre- 
pared by  bringing  together  in  aqueous  solution  benzenesulphonic 
acid  and  guanylurea.  When  the  sulphonate  was  heated  with  di- 
lute hydrochloric  acid  at  180^,  it  was  decomposed  ;  carbon  dioxide, 
ammonium  chloride,  and  the  benzenesulphonate  of  guanidine 
were  formed.  Fuming  nitric  acid  converted  guanylurea  benzene- 
sulphonate into  nitroguanidine  and  nitrobenzenesulphonic  add. 
Analogous  condensation-products  were  obtained  by  heating  urea 
with  0'  and  ^-toluenesulphonchlorides  and  a-  and  /^-naphthalene- 
sulphonchlorides. 

On  the  Action  of  Aromatic  Sulphonchlorides  on  Thiourea. 

By  Ira  Remsen  and  H.  J.  Turner.  Am,  Chem,  /.,  25,  190- 
202. — ^The  results  obtained  in  studying  the  action  of  aromatic 
sulphonchlorides  on  urea,  an  account  of  which  is  given  in  the 
preceding  review,  led  to  an  investigation  of  the  reaction  between 
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benzenesulphonchloride  and  thiourea.  In  this  case  a  complicated 
reaction  was  found  to  take  place.  A  part  of  the  thiourea 
abstracts  chlorine  from  the  sulphonchloride  and  unites  with  the  hal- 
ogen to  form  di thiourea  dichloride,  (SC.N,H4),.C1,.  The  residues 
of  the  two  molecules  of  the  acid  chloride  are  reduced  by  two 
molecures  of  thiourea  with  the  consequent  formation  of  benzene 
disulphoxide.     The  reaction  proceeds  as  follows  : 

2C.H,SO,  +  SC.N,H,  =  (C.H.SO),  +  2CNNH,  +  2S  +  2H,0. 

This  disulphoxide  was  found  to  be  identical  with  the  phenyl 
benzenethiosulphonate  of  Otto.  The  reactions  take  place  so 
smoothly  that  they  furnish  an  excellent  method  for  the  prepara- 
tion of  the  disulphoxide.  /-Toluenesulphonchloride  reacted 
analogously  with  thiourea.  The  disulphoxides  were  also  prepared 
by  the  action  of  dithiourea  dichloride  on  the  potassium  salts  of 
benzene  and  toluenesulphinic  acids. 

On  the  Action  of  the  Chlorides  of  Orthosulpholienzoic  and  of 
Paranitroorthosulphoi>enzoic  Acids  on  Urea.  By  Willis  B. 
Holmes.  Am,  Chem,  J,,  aSf  202-216.  When  the  symmetrical 
chloride  of  ^-sulphobenzoic  acid  was  heated  at  100^  with  urea,  a 
reaction  set  in,  which  was  complete  at  the  end  of  several  days. 
Prom  the  reaction-product  was  isolated  a  small  quantity  of  biuret 
and  ammonium  chloride  and  a  good  yield  of  a  well-crystallized 
compound  which  melted  at  266^  and  proved  to  be  the  ammonium 
salt  of  benzoylurea-^-sulphonic  acid, 

.COHNCONH, 


CeH/ 


^SO,NH, 

On  boiling  with  dilute  hydrochloric  acid  this  ammonium  salt 
was  hydrolyzed  to  the  acid  ammonium  salt  of  ^-sulphobenzoic 
acid  ;  when  heated  with  a  solution  of  potassium  hydroxide  the 
potassium  salt  of  (7-benzaminesulphonic  acid  was  formed,  and 
when  treated  in  the  cold  with  an  excess  of  barium  hydroxide  the 
barium  salt  of  benzoylurea-^-sulphonic  acid  was  the  result.  Prom 
this  barium  salt  the  potassium,  sodium  lead,  copper,  and  silver 
salts  were  prepared.  When  the  unsymmetrical  chloride  of 
^-sulphobenzoic  acid  was  heated  with  urea,  the  same  reaction- 
products  were  obtained  as  with  the  symmetrical  chloride,  but  the 
reaction  took  place  more  readily.  A  study  of  the  condensation 
of  urea  with  the  chlorides  of  /-nitro-<?-sulphobenzoic  acid  led  to 
perfectly  analogous  results.  Improved  directions  for  preparing 
the  acid  chlorides  used  and  a  probable  explanation  of  the 
reactions  above  described  are  given. 

On  Trivalent  Carbon.  By  M.  Gomberg.  Am,  Chem.J.,  25, 
317-334. — The  author  takes  exception  to  the  explanation  of  the 
action  of  zinc  on  triphenylchlormethane  put  forward  by  Norris 
(see  review  above)  and  describes  experiments  which  were  made 
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to  show  that  zinc  removes  chlorine  alone  from  the  halogen  com- 
pound. When  the  ethyl  acetate  used  as  solvent  during  the 
reaction  had  been  dried  with  great  care  over  phosphorus  pentox- 
ide,  the  evolution  of  no  hydrogen  was  observed  and  no  free 
hydrochloric  acid  was  found  in  solution.  It  was  also  discovered 
that  when  a  stream  of  dry  air  was  passed  through  a  solution  of 
the  unsaturated  compound  for  a  day,  the  peroxide  was  precipi- 
tated. The  author  is  of  the  opinion  that  the  only  explanation 
of  the  reactions  is  that  put  forward  by  him  in  an  earlier  paper,  ^ 

namely,  that  the  metal  withdraws  the  halogen  from  triphenyl- 
chlormethane  and  that  an  unsaturated  radical  of  the  formula 
(C,H5),C  —  is  formed  in  which  the  carbon  is  trivalent. 

On  ilethyl  Cyanide  as  a  Catalytic  Reagent ;  and  a  Criticism 
of  J.  U.  Nefs  Views  on  tlie  Franlcland,  Wurtz,  and  Conrad 
Reactions.  By  Arthur  Michabi^.  Am,  Chem,  /.,  25,  419- 
430. — It  has  been  found  that  methyl  cyanide  has  a  marked 
influence  on  the  action  of  sodium  on  alkyl  halides.  Propyl 
iodide,  for  example,  which  Schorlemmer  found  did  not  react  with 
sodium  at  the  boiling-point  of  ether,  when  treated  with  a  few 
drops  of  acetonitrile,  reacted  vigorously  with  the  metal.  From 
310  grams  of  the  iodide  a  yield  of  80  per  cent,  of  the  theory  of 
hexane  was  obtained.  The  nitrile  was  found  to  have  an  accelera- 
ting e£Pect  on  the  action  of  sodium  on  ally  1  iodide,  isopropyl  iodide, 
trimethylene  bromide,  and  benzyl  chloride.  The  catalytic  prop- 
erty of  methyl  cyanide  is  shared  by  ethyl  and  propyl  cyanides, 
although,  particularly  in  the  case  of  the  last  substance,  the 
inductive  capacity  appears  to  be  less  developed,  and  with  the 
aromatic  cyanides,  benzonitrile  and  benzyl  cyanide,  no  accelera- 
tion of  the  reaction  was  noticed.  The  author  points  out  the  im- 
portant fact  that  zinc  ethyl  iodide  may  be  used  in  place  of  zinc 
ethyl  in  many  syntheses.  The  formation  of  ethyl  malonic  ester 
by  heating  a  mixture  of  ethyl  iodide  and  malonic  ester  with  zinc 
was  shown  to  take  place  as  follows  :  the  zinc  ethyl  iodide,  which 
is  first  formed,  reacts  with  the  malonic  ester  and  yields  a  metallic 
derivative,  which,  in  turn,  reacts  with  more  ethyl  iodide  with  the 
consequent  formation  of  zinc  iodide  and  ethyl  malonic  ester. 
Diethyl  malonic  ester  accelerated  the  action  between  zinc  and  i 

ethyl  iodide  and  formed  an  addition  product  with  the  resulting 
zinc  ethyl  iodide.  The  author  closes  with  a  caustic  criticism 
of  the  explanation  by  J.  U.   Nef ,   of  the  syntheses  of  Wurtz,  V 

Frankland,  Conrad,  and  Daimler,  and  ridicules  the  elimination  ^ 

and  addition  theory  which  Nef  has  developed  as  a  result  of  a  great  ^ 

amount  of  experimental  research. 

On  Tliiourea-Amidines.  By  Henry  L.  Wheelkr.  /.  Am. 
Chem.  Soc,  23,  223-237. — In  a  former  paper  (/.  Am,  Chem, 
Soc.^22^  365)  Wheeler  and  Sanders  described  compounds  prepared 
by  the  action  of  certain  amines  on  thiourea-imido  esters  and  acyl- 
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thiourea-imido  esters,  which  were  considered  to  be  thiourea-ami- 
dines.  Further  study  has  shown  that  the  reaction-products  are 
thiourea  derivatives.  Examples  of  thiourea- amidines  have  been 
prepared  by  combining  benzenylphenylamidine  with  phenyl  mus- 
tard oil  and  with  benzoylrhodanide. 

Compounds  of  Methyl  Sulphide  with  Halides  of  Metals.    By 

Francis  C.  Phillips.  /.  Am.  Chem,  Soc,  23,  250-258.— When 
methyl  sulphide  is  added  to  solutions  of  various  inorganic  chlo- 
rides colored  precipitates  are  formed.  The  following  compounds, 
prepared  in  this  way,  are  described  :  PdCl,2(CHj),S, 
3HgCl,2(CH,),S,  CuCl(CH,),S,  and  AuCl(CH,),S. 

On  the  Action  of  Alkyl  Thiocyanates  and  Alkyl  isothiocya- 
nates  with  Thiol  Acids.  By  Henry  L.  Whbklbr  and  Henry 
F.  Mbrriam.  /.  Am.  Chem.  Soc.,  23,  283-299. — ^Thiocyanates 
react  with  thiol  acids  in  at  least  two  ways.  Either  a  stable  addi- 
tion-product is  formed,  or  hydrogen  cyanide  is  evolved  and  a  thiol 
ester  results.  The  isothiocyanates  react  with  thiol  acids  more 
energetically  than  do  the  thiocyanates.  In  this  case  the  reaction 
takes  place  apparently  in  a  quantitative  manner  as  follows  : 

RNCS  +  HS.COQHs  =  RNH.C0C,H5  +  CS,. 
Not  only  the  alkyl,  but  also  the  acyl  isothiocyanates  behave  in 
this  way.  The  difference  in  the  behavior  of  the  two  forms  of 
thiocyanates  with  thiol  acids  sharply  distinguishes  them  from  one 
another.  The  non-formation  of  carbon  disulphide  in  this  reaction 
may  be  taken  as  proof  that  the  mustard  oil  form  is  not  present. 
The  authors  tested  a  number  of  supposed  derivatives  of  isothio- 
cyanic  acid  and  have  come  to  the  conclusion  that  neither  isothio- 
cyanacetic  acid  nor  any  of  its  derivatives  have  yet  been  prepared. 
Acyl  imidodithiocarbonic  esters  were  prepared  by  the  action  of 
alkyl  iodides  on  the  sodium  salt  of  acetyl  dithioethylcarbamate. 
These  carbonic  esters  were  converted  into  a  new  type  of  pseudo- 
thioureas  by  the  action  of  ammonia  and  organic  bases.  The  beha- 
vior of  acyl  dithiocarbamic  esters  with  ammonia  and  organic  bases 
was  also  studied. 
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Root  Tubercles  in  Water  Culture.  By  H.  A.  Wkbkr.  /. 
Am.  Chem.  Soc,  ao,  9-12. — The  question  of  the  connection  be- 
tween root  tubercles  and  the  fixation  of  atmospheric  nitrogen  has 
thus  far  been  studied  only  in  connection  with  sterilized  soil  or 
sand.  The  author  describes  an  apparatus  employed  for  the  water- 
culture  of  root  tubercles,  which  presents  certain  advantages  over 
methods  previously  used. 

Nitric  Nitrogen  Produced  by  the  Pea.  By  J.  L.  Bbbson.  /. 
Am.  Chem.  Soc.^  ao,  793-795. — Field  experiments  carried  out 
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with  peas  indicate  that  peas  planted  with  a  crop  would  tend  to  in- 
crease the  yield  of  that  crop  under  certain  conditions.  This  is 
considered  to  be  due  to  the  nitric  nitrogen  assimilated  from  the 
air  in  the  soil  in  excess  of  that  required  by  the  growing  pea  plant 
itself. 

On  the  PreparatioiT  of  Nucleic  Acids.  By  P.  A.  Lbvhne.  /. 
Am.  Chem.  Soc,  22,  329-331. — For  the  preparation  of  the  nucleic 
acids  from  nucleo-proteid  as  well  as  from  paranudeo-proteids  the 
author  proposes  a  method  based  on  the  treatment  of  the  tissues 
with  acetates  at  a  low  temperature,  precipitation  of  the  proteid 
material  by  pi(:ric  acid,  and  final  precipitation  of  the  nucleic  acic^ 
from  the  acetate  solution  by  alcohol. 
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Tlie  Department  of  Mining  and  Metallurgy  at  the  flcQill 
University,  riontreal.  By  Correspondent.  E7ig,  Min.J,,  ^l, 
514-516. — The  paper  describes  with  much  detail  the  new  mining 
and  metallurgical  laboratory,  giving  a  plan  of  the  same,  and  dis- 
cusses in  a  general  way  the  history  of  the  department  and  its 
methods  of  instruction. 

Stamp  Milling  of  Free  Gold  Ores.  By  D.  Harmon.  Min, 
Sci,  Press,  82,  556-560. — The  paper  discusses,  with  illustrations, 
the  practical  details  of  milling  gold  ores  ;  they  are  more  of  a  me- 
chanical than  of  a  chemical  nature. 

Electro-Silvered  Versus   Plain  Copper  Plates.    By  J.    R. 

Cooper.  Eng,  Min,  /.,  71,  331. — In  the  extraction  of  gold 
from  its  ores  by  means  of  the  battery- amalgamating  process,  elec- 
tro-silvered plates  have  replaced  in  most  instances  the  plain  amal- 
gamated copper  plates,  as  the  latter  become  more  or  less  tarnished 
with  copper  salts,  which  prevent  amalgam  or  quicksilver  from 
adhering.  The  author  calls  attention  to  the  fact  that  all  copper 
contains  more  or  less  cuprous  oxide,  and  that,  as  this  oxide  does  I 

not  combine  with  quicksilver,  a  plain  copper  plate  can  be  only 
imperfectly  amalgamated.  Even  if  at  first  the  whole  plate  is 
coated  with  quicksilver,  this  will  break  ofiF  from  the  oxidized  parts 
and  the  latter  be  exposed  to  the  action  of  water,  oxygen,  car- 
bonic acid,  etc. 

Mackay's  Amalgam  Press.  By  The  Editor.  Eng.  Min,  J, , 
71,  83-84. — The  paper  is  an  illustrated  description  of  a  piston- 
press  worked  by  steam,  air,  or  water.  It  removes  in  a  better 
way  than  is  possible  by  ordinary  means  the  surplus  quicksilver 
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from  amalgam,  thus  enriching  the  amalgam  and  reducing  the 
amount  to  be  retoited. 

When  to  Begin  Treatment  of  Cyanide  Tailings.     By  H.  M. 

Crowther.  Eng,  Min,  /.,  70,  732. — ^The  tailings  coming  from 
mills  which  leach  gold  ores  with  potassium  cyanide  always  retain 
more  or  less  gold.  If  rich  enough,  they  are  re-treated  directly,  if 
not  they  go  to  waste  or  are  perhaps  stored  to  be  re- treated  at  a 
later  date,  when  the  cost  of  working  will  be  lower  on  account  of 
the  cheapening  of  labor  and  materials.  The  author  found  that  by 
simply  rewashing  tailings  from  three  to  twelve  months  old  from  the 
dumps  of  the  Mercur  mine,  Utah,  containing  13.2  percent,  water 
and  assaying  $1.05,  he  obtained  an  extraction  of  53.3  per  cent,  of 
the  gold.  Tailings  usually  retain  at  least  ^  lb.  of  potassium 
cyanide  and  somewhat  more  free  caustic  alkali  per  ton.  If  care 
is  taken  to  add  to  the  last  wash-water  from  one  to  several  pounds 
of  caustic  alkali  the  tailings  will  retain  sufficient  alkali  to  protect 
the  residual  potassium  cyanide  and  allow  it  to  have  its  solvent 
efiFect  upon  the  residue  in  the  tailings,  which  are  being  slowly  af- 
fected by  the  action  of  air,  moisture,  and  warmth. 

The  Agitation  PixKzess  for  Cyanlding  Slimes.     By  C.   S. 

HuRTER.  Eng.  Min,  /.,  71,  82-83.  Discussion.  By  J.  F. 
Webb.  Ibid.^  144. — The  paper  is  an  illustrated  description  of  the 
manner  in  which  the  pneumatic  cyanide  process  is  carried  out  at 
the  works  of  the  Cochiti  Gold  Mining  Co.,  near  Bland,  N.  M. 
Low-grade  slimes,  of  which  ninety-six  per  cent,  will  pass  a  100- 
mesh  sieve,  are  treated  at  a  cost  of  $1.00  a  ton  with  an  extraction 
of  eighty  per  cent.  The  slimes  are  agitated  (in  3  to  3^  ton  charges) 
in  tanks  nine  feet  in  diameter  and  five  feet  deep  (holding  six  tons 
solution  with  0.15  per  cent,  potassium  cyanide)  for  twenty- four 
hours  with  steam  and  compressed  air  which  pass  into  the  solu- 
tion through  a  number  of  perforated  pipes  placed  along  the  bot- 
tom of  the  vat.  About  sixty  pounds  of  lime  are  charged  into  a 
wire  bucket  suspended  to  reach  below  the  surface  of  the  solution. 
The  lime  not  only  neutralizes  any  acid  reaction  of  the  pulp,  but 
also  aids  later  in  settling  the  slimes.  After  treatment  the  pulp  is 
run  from  the  agitating  tanks  into  **  wire*'  settling  tanks,  placed 
in  series,  from  which  the  overflow  is  made  to  pass  through  up- 
ward-filtering tanks  before  it  goes  to  the  zinc  boxes.  From  the 
settling  tanks  the  slimes  are  sluiced  out  into  decanting  tanks  and 
allowed  to  settle  for  from  twelve  to  twenty- four  hours  ;  the  clear 
solutions,  drawn  ofiF  through  openings  in  the  side,  are  mixed  with 
the  liquors  from  the  **wire"  settling  tanks  before  they  pass 
through  the  filtering  tanks. 

One  man  in  a  lo-hour  shift  can  do  the  work  of  a  20-ton  plant ; 
for  agitation  one-tenth  of  one  horse-power  a  day  is  required  per 
ton  of  ore.     The  consumption  of  reagents  per  ton  of  ore  is  one 
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pound  potassium  cyanide,  twenty  pounds  lime,  and  one  pound 
zinc.     The  cost  of  treatment  is  as  follows  : 

Cyanide,  i  lb.  at  31c ^.31 

Lime,  20  lbs.,  at  f  18  per  ton o.  18 

Zinc,  I  lb.  at  12c 0.12 

Tramming 0.04 

Power,  0.1  H.  P.  at  40c 0.04 

Labor,  0.05  day  at  |3y> oi75 

Extras,  repairs,  smelting,  etc o.  135 

Total  cost  per  ton  of  pulp  treated $1.00 

The  Riecken  Process  for  Treatini:  Telluride  and  Sulphide 
Ores.  By  H.  R.  Cassel.  Eng,  Min,  J,,  70,  664;  7if  47. — 
This  process  aims  to  extract  coarse  and  fine  gold  from  raw  or 
roasted  ores  by  means  of  a  combination  of  amalgamation  and 
lixiviation  with  potassium  cyanide  in  a  manner  somewhat  simi- 
lar to  that  attempted  in  the  electrochemical  process  of  Pelatan- 
Clerici.  The  apparatus  used  consists  of  a  horizontal  stationary 
tank  with  stirring  shaft  having  beaters.  The  tank,  open  at  the 
top,  has  vertical  ends,  inclined  sides,  and  a  rounded  bottom.  The 
sides  and  bottom  are  lined  with  removable  amalgamated  copper 
plates,  forming  the  negative  pole  ;  the  positive  pole  is  stationary. 
A  small  pump,  drawing  its  supply  from  a  trap  at  the  bottom  of 
the  tank,  causes  quicksilver  to  flow  continuously  over  the  amal- 
gamated plates.  The  ore  is  charged  with  quicksilver  and  a  dilute 
solution  of  potassium  cyanide  into  the  vat ;  the  coarse  gold  is 
amalgamated  and  the  fine  gold  dissolved  and  electrically  precipi- 
tated on  the  quicksilver  cathode. 

Pyritic  5ineltiii|:  and  Hot  Blast.  By  S.  E.  Brethbrton. 
Eng.  Min.J.^  70,  760-761. — ^The  author,  a  strong  advocate  of 
pyritic  smelting,  claims  that  in  comparison  with  lead  smelting, 
pyritic  smelting  saves  as  high  a  percentage  of  gold  and  silver  witii 
a  concentration  of  8  to  15  tons  of  ore  into  i  of  matte  with  50  to 
60  per  cent,  of  copper  ;  that  it  permits  a  higher  degree  of  con- 
centration in  working  ores  with  i  to  2  per  cent,  copper  ;  and  that 
it  allows  a  larger  percentage  of  zinc  in  the  charge  as  well  as  a  more 
silidous  slag.     The  charges  run  by  the  author,  using  hot  blast,  ^ 

contain  3  per  cent,  copper  and  over,  20  to  30  per  cent,  iron,  8  to 
13  per  cent,  lime,  not  over  10  percent,  zinc,  10  per  cent,  alumina, 
30  to  36  per  cent,  silica,  10  to  30  per  cent,  sulphur. 

Pyritic  Smelting  and  Hot  Blast.  By  A.  E.  Brethbrton. 
Eng.  Afin.  /.,  71,  458. — The  main  point  of  interest  in  this  paper 
is  a  dimensioned  drawing  of  the  author's  blast-furnace  and  fore- 
hearth,  with  air-chamber  and  flues  for  superheating  the  blast  by 
means  of  the  waste  heat  of  the  fused  matte  and  slag  collecting  in 
the  fore-hearth. 
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The  Province  of  Pyritlc  5meltini:.  By  H.  Lang.  Eng.  Min. 
/•»  ?'»  589-590  ;  617-618. — Pyritic  smelting  may  be  defined  as  a 
matting  blast-furnace  smelting  process  in  which  parts  of  the  me- 
tallic sulphides  are  oxidized,  thereby  giving  a  more  concentrated 
product.  The  degree  of  concentration  depends  mainly  on  the 
proportion  of  silica  in  the  charge.  As  the  silica  increases  the 
matte-fall  decreases,  as  does  also  the  smelting  power,  because 
slags  when  acid  run  more  slowly  than  when  basic.  Thus  a  fur- 
nace with  a  charge  rich  in  pyrite,  run  to  form  a  basic  slag,  will 
give  much  low-grade  matte  and  put  through  large  quantities  with 
little  fuel.  At  Tilt  Cove,  Newfoundland,  3  tons  pyrite  were  con- 
centrated into  I  ton  of  matte,  the  furnace  running  without  any 
coke  and  with  cold  blast.  At  Mount  Lyell,  Tasmania,  heavy 
pyritic  ore  with  3  per  cent,  copper  is  smelted  with  silicious  flux 
to  a  matte  containing  over  20  per  cent,  copper,  /.  e.,  a  concentra- 
tion of  six  into  one.  The  matte  is  smelted  pyritically  with  sili- 
cious flux  (raising  the  tenor  of  copper  to  50  per  cent.,  2.  e.,  a  con- 
centration of  2^  tons  into  i )  when  it  is  Bessemerized.  A  fur- 
nace with  a  charge  containing  35  per  cent,  pyrite,  which  is  run 
to  form  an  acid  slag,  will  give  a  concentration  of  eight  into  one 
and  put  through  a  considerable  amount  of  ore,  but  it  will  require 
about  5  per  cent,  coke  and  a  blast  heated  to  250^  C.  A  furnace 
running  a  charge  with  a  deficiency  of  sulphides,  or  with  a  slag 
that  is  very  silicious,  loses  most  of  its  pyritic  character  and  requires, 
of  course,  much  larger  quantities  of  coke,  from  10  to  20  per  cent. 
In  pyritic  work  two- thirds  of  the  coke  can  be  replaced  by  the  use 
of  hot-blast. 

The  Leaching  of  Copper  Ores.  By  J.  Ohly.  Min.  Sci.  Press, 
82,  51-61. — This  paper  is  a  partial  review  of  the  subject  written 
for  the  general  public.  Some  of  the  reactions  said  to  take  place 
in  roasting  previous  to  leaching  are  at  least  doubtful ;  thus 
sodium  sulphate  and  cupric  silicate,  when  subjected  to  an  oxidi- 
zing roast,  will  hardly  form  sodium  silicate  and  cupric  sulphate. 

riodern  Leaching  Processes.  By  J.  Ohi.y.  Min.  Sci.  Press, 
82,  168-169. — The  general  character  of  this  paper  is  similar  to 
that  of  the  preceding  one. 

Name  Plates.  By  E.  S.  Sperry.  AL  World,  7,  74-75.— 
Name  plates,  1.  e.,  plates  bearing  the  names  of  manufacturers  of 
machinery,  are  usually  cast  of  bronze  or  of  aluminum  ;  brass  is 
sometimes  used,  but  its  color  is  not  so  pleasing  as  that  of  bronze  ; 
iron  plates  are  unsightly.  In  order  to  obtain  the  right  color  the 
composition  of  the  bronze  is  somewhat  limited.  The  two  follow- 
ing mixtures,  copper  90  per  cent.,  tin  8  per  cent.,  zinc 2  per  cent., 
and  copper  92  per  cent.,  tin  3  per  cent.,  and  zinc  5  percent., 
give  satisfactory  castings.  An  alloy  of  aluminum  with  6  per  cent, 
copper  also  works  well.  The  paper  gives  some  practical  details 
about  casting  these  alloys. 
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Method  of  Maklnsr  Alumina.  By  C.  M.  Hall.  Al.  World, 
7*  75*7^- — "I^^  °cw  method  of  produdng  pure  alumina  consists 
in  charging  bauxite  (calcined  at  a  low  heat  if  necessary),  burnt 
lime,  sodium  carbonate,  and  water  into  a  digester  provided  with  a 
stirring  mechanism  and  subjecting  the  mixture  at  a  considerable 
pressure  to  an  elevated  temperature  for  from  one  to  three  hours. 
Insoluble  carbonate  and  silicate  and  inert  impurities  of  the  bauxite, 
such  as  iron  oxide,  insoluble  alumina,  etc.,  will  form  a  residue  to 
be  sepcuated  by  filtration  from  the  soluble  sodium  aluminate. 
From  the  latter,  aluminum  hydroxide  is  precipitated  in  the  usual 
way  by  carbonic  add  and  filtered  off  ;  the  filtrate,  with  its  sodium 
carbonate,  is  concentrated  by  heating  and  used  again  with  an- 
other charge. 

Aluminum-Zinc  Alloys.  Bv  J.  W.  Richards.  AL  World, 
7,  153-154. — Alloys  containing  equal  parts  of  zinc  and  aluminum 
or  more  zinc  than  aluminum  have  no  spedally  valuable  mechan- 
ical properties ;  the  case  is  different  when  aluminum  prevails  over 
zinc.  The  alloy  2  parts  aluminum  to  i  part  zinc,  that  is,  with  33!^ 
per  cent,  zinc,  is  remarkable.  According  to  Durand  {Science, 
^^97 ^  P-  39^)  f  1^  strength  equals  that  of  cast-iron ;  it  melts  at 
about  425^  C. ,  fills  the  joints  of  a  mold  perfectly,  does  not  oxidize 
readily,  and  takes  a  fine  finish  ;  it  is  brittle,  but  resists  corrosion 
well.  The  author  adds  to  the  above  that  while  his  first  castings 
showed  a  breaking  strain  of  18,000  to  24,000  pounds  per  square 
inch  with  no  perceptible  elongation,  he  has  no  difficulty  at  pres- 
ent in  securing  a  tensile  strength  of  40,000  pounds.  Such  a  cast- 
ing resembles  a  high-carbon  sted  ;  it,  however,  works  well  under 
tools  and  does  not  require  any  lubrication.  Its  high  spedfic 
gravity  of  3.8  shows  that  a  great  contraction  has  taken  place  in 
the  formation  {viz,,  17  per  cent.),  which  suggests  a  cause  for  its 
great  strength.  The  alloy,  3  parts  aluminum  to  i  part  zinc, 
that  is,  with  25  per  cent,  zinc,  is  the  one  most  commonly  used. 
It  is  softer  than  the  atloy  with  33^  per  cent,  zinc,  has  a  tensile 
strength  of  35,000  pounds,  and  is  less  brittle  ;  its  specific  gravity 
is  3.4,  showing  a  contraction  of  14  per  cent.  With  alloys  con- 
taining less  than  25  per  cent,  zinc,  the  strength  and  hardness  de- 
crease quickly  ;  an  alloy  with  10  per  cent,  and  less  zinc  can  be 
forged,  rolled,  and  drawn. 

The  Dominion  Iron  and  5teelCo.,  Limited.  ByC.  Kirchhopp. 
Iran  Age,  66,  18-22. — The  paper  is  an  illustrated  description  of 
the  new  iron  and  steel  works  in  the  process  of  erection  near  Syd- 
ney, Cape  Breton.  It  will  consist  of  four  blast-furnaces  (85  feet 
high,  20-foot  bosh),  ten  50-ton  open-hearth  furnaces,  a  35-ton 
blooming  mill,  a  coal- washing  plant,  and  400  Otto- Hoffmann  by- 
product coke-ovens.  The  ore  mined  on  Great  Bed  Island,  New- 
foundland, contains  H,0,  1.50-2.50;  Fe,  54.43-57.84;  SiO„ 
9.34-13.00;    P,  0.744-0.835  ;  8,0.05-0.03.      Good  limestone  is 
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quarried  near  the  works.  The  following  analyses  are  given  as 
being  characteristic  of  the  unwashed  and  washed  coal  of  the  lead- 
ing mines  of  the  Dominion  Coal  Co. ,  and  of  the  coke  produced 
from  the  washed  coal. 

Gbneral  Coal  Analysis. 

Reserve  mine.     Caledonia  mine.     Dominion  mine. 
Raw  coal.  Per  cent.  Per  cent.  Per  cent. 

Moisture 1.45  1.54  1.21 

Volatile  matter 32.45  30.86  31.89 

Fixed  carbon 60.45  62.91              .     61.49 

Sulphur.. 1.64  1.50  1.56 

Ash 5.65  4.69  5.41 

Washed  coal. 

Moisture i.oi  1.08  0.84 

Volatile  matter •  • .  •  32.99  33*92  37-^ 

Fixed  carbon 62.21  61.69  62.60 

Sulphur I. II  1.07  1. 17 

Ash 3.79  3.31  4.50 

Retort  coke. 

Sulphur 0.91  0.78  I.OI 

Ash 6.07  5.38  6.24 

Heat  and  Power  from  the  Waste  Oases  of  Biast-Fumaces. 

By  F.  W.  Gordon.  Iron  Age,  66, 1-6. — The  paper  shows  which 
part  of  the  total  heat  generated  by  an  iron  blast-furnace  is  re- 
quired by  the  furnace  itself,  and  which  is  available  for  other  pur- 
poses. The  calculations  are  based  on  data  of  one  of  the  South 
Chicago  blast-furnaces  published  by  the  author  in  1885  ( Trans. 
Am,  Inst.  Min.  Eng.,  14,  362). 

Cast-iron  Car-Wheels.  By  G.  W.  Bekbe.  Iran  Trade  Rev., 
33»  16-17. — The  author  calls  attention  to  the  small  amount  of 
damage  done  by  the  failures  of  cast-iron  car-wheels,  when  it  is 
considered  that  10,269,924  such  wheels  are  in  use  at  present. 
He  attributes  this  fact  to  the  clase  inspection  and  to  the  thermal 
and  drop  tests  exacted  by  the  railroad  companies,  both  of  which 
are  described  in  detail  with  illustrations.  The  thermal  test  re- 
quires that  a  sample  wheel  of  a  melt  when  cast  under  specified 
conditions  shall  not  crack  upon  cooling  ;  the  drop  test  requires 
that  the  wheel,  supported  in  a  certain  definite  way,  shall  stand  a 
number  of  blows  from  a  hammer  weighing  100  to  140  pounds  and 
lifted  7  to  12  feet.  The  subjoined  table  gives  the  chemical  compo- 
sition of  wheels  that  withstood  the  physical  tests  and  that  did  not : 

Wheels  that  Wheels  that 

Wheels  that  Wheels  that        failed  under  so  stood  50 blows 

failed  in  stood  thermal         blows,  Barr  and  over, 

thermal  test.  test.  drop.  Barr  drop. 

Max.       Min.         Max.       Min.        Max.       Min.         Max.      Min. 

Total  carbon 3.91  3.03  3.90  3.38  3.87  3.42  3.93  3.49 

Graphitic  carbon .  3.02  2.92  2.98  2.71  3.19  2.90  3.02  2.90 

Combined  carbon  0.89  0.71  0.92  0.67  0.68  0.52  0.91  0.59 

Sulphur 0.090  0.042  0.60  0.080  0.080  0.020  0.070  0.65 

Manganese 0.60  0.49  0.58  0.48  0.62  0.40  0.72  0.47 

Silicon 0.82  0.50  0.91  0.50  0.97  0.67  1. 10  0.68 

Phosphorus 0.48  0.39  0.52  0.26  0.58  0.30  0.53  0.28 
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The  Tropenas  Praoess  lor  5tael  Castiiiss.  Br  Thb  Editok. 
Foundry^  17,  237  ;  Eng.  Min.  /.,  70,  761. — ^The  paper  contains  a 
brief  description  of  the  Tropenas  process  with  illustrations  of  con- 
verter and  of  castings. 

InflueiBce  of  Copper  In  Retardini^Corrosioo  of  Soft  Steel  and 
Wroocht  Iron.  By  F.  H.  Wiluams.  Eng.  Soc.  WesiermPa., 
26,  231,  thiongh  Irtm  Age,  66,  16. — ^The  experiments  described 
were  carried  out  in  order  to  show  what  effects  small  additions  of 
copper  would  have  in  retarding  the  corrosive  effect  of  moistureon  ^ 

soft  steel  and  wrought  iron.  For  this  purpose  the  specimens 
were  cut  and  filed  to  the  same  dimensions,  weighed,  suspended  on 
a  frame,  dipped  together  into  water,  and  then  1^  to  hang  in  the 
air  until  dry.  This  treatment  was  repeated  several  times  a  day 
for  a  month,  until  the  oxide-scale  formed  showed  a  tendency  to 
peel  off.  The  specimens  were  freed  from  oxide  and  then  weighed. 
In  the  table  below  are  given  the  percentage  losses  : 

Loss  PROM  Atmosphruc  Corrosioh. 


A — Soft  Besaemcr  steel 1.85 

B — Soft  Bessemer  steel  with  oxffi  copper 0.89 

C  —Soft  Bessemer  steel  with  o.  145  copper 0.75 

D — ^Soft  Bessemer  steel  with  0.263  copper 0.74 

Sterl  and  Wrought  Iron. 


Soft  Bessemer  steel 1.65 

Wronght  iron,  sample  i 0.76 

Wrought  iron,  sample  2 0.80 

Wronght  iron,  sample  5 0.87 

Wronght  iron,  sample  4  (containing  0^393  per 

cent,  copper) 0.53 

They  show  that  both  soft  Bessemer  steel  and  wrought  iron  re- 
sist corrosion  much  better  when  they  contain  some  copper  than 
when  they  do  not. 
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W.  O.  CaosvT,  RBviBwsa. 

On  the  Coastitntioo  of  Barytoodcstitcs-  By  C.  W.  Voucby. 
/.  Am.  Chem.  Soc.,  21,  386-388. — ^Although  previous  work  had 
discredited  the  existence  of  a  true  barium-strontitmi  sulphate, 
showing  only  barites  containing  a  trace  of  strontium  or  celestites 
containing  a  trace  of  barium,  the  author  finds  this  mineral  from 
eastern  Ontario  to  yield  :  BaSO^,  30.850,  and  SrSO^,  70.010.  A 
pre\nous  analysis  by  the  author  had  given :  BaSO^,  39.850,  and 
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SrS04,  58.200.  These  results  correspond  very  closely  to  the  for- 
mulas (BaSr,)  (SO  J,  and  (BaSr.XSOJ,.  These  two  types  of 
barytocelestites  have  distinct  habits  of  crystallization  which  re- 
main to  be  investi|2:ated. 

Analysis  of  Emery  from  Virji^inia.  By  W.  W.  Mili^er,  Jr. 
Am.  Chent,  /.,  22,  212-213. — ^The  emery  occurs  in  a  heavy  ledge 
near  Whittle's,  on  the  line  of  the  Southern  Railroad,  in  Pittsyl- 
vania County.  It  is  described  as  a  black,  crystalline  mass,  mag- 
netic, polar,  with  specific  gravity  4.205,  and  hardness  8.  The 
analysis  shows  :  alumina,  56.74  ;  ferric  oxide,  15.50  ;  ferrous 
oxide,  20.77  ;  silica,  0.68  ;  titanic  oxide,  1.86  ;  soda,  3.95.  The 
ferrous  oxide,  in  excess  of  that  required  to  form  magnetite,  is 
supposed  to  be  present  as  hercynite,  PeAl^O^ ;  and  the  soda  is 
considered  to  take  the  place  of  ferrous  oxide  in  forming  additional 
hercynite,  thus  greatly  reducing  the  amount  of  alumina  which 
can  exist  as  corundum.  The  large  amount  of  hercynite  reduces 
the  erosive  power  and  makes  the  mixture  of  no  value  as  emery. 

Examination  of  a  Sandstone  from  Augusta  County,  Vir- 
ginia. By  W.  W.  Miller,  Jr.  Am,  Chem,  /.,  22,  216-217. — 
This  sandstone  is  a  disintegrated  quartzite,  occurring  in  the 
vicinity  of  Basic  City,  and  found  to  be  valuable  for  ballast  and 
road  metal.  The  analysis  shows  large  proportions  of  alumina 
and  alkalies,  indicating  partially  kaolinized  feldspar,  which  is  re- 
garded as  explaining  the  packing  of  the  material  in  use. 

Analysis  of  5mitli5onite  from  Aricansas.  By  W.  W.  Mil- 
ler, Jr.  Am,  Chem.  /.,  22,  218-219. — The  smithsonite  from 
the  Morning  Star  Mine,  in  Searcy  County,  is  the  usual  botryoidal 
variety,  and  encloses  layers  of  zinc  blende  from  which,  probably, 
it  has  been  derived.  The  analysis  shows  it  to  be  nearly  pure, 
but  with  a  little  cadmium,  copper  and  iron  replacing  zinc. 

On  tlie  interpretation  of  Mineral  Analyses :  a  Criticism  of 
Recent  Articles  on  the  Constitution  of  Tourmaline.     By  S.  L. 

Penfield.     Am,  J,  Sct,y  160,  19-32. 

C.  H.  Warrbn.  Rrvibwbr. 

Nitrates  in  Cave  Earths.  By  Henry  W.  Nichols.  /.  Geol,, 
9,  236-243. — This  is,  in  the  main,  a  criticism  of  the  theory  ad- 
vanced by  Hess  (/.  GeoLy  7,  2)  that  the  nitrates  of  cave  earths 
are  not  derived  to  any  extent  from  bat  guano,  as  has  been  for- 
merly supposed,  but  from  the  soil  above  by  a  leaching  process 
followed  by  a  deposition  of  the  salts  on  evaporation.  The  chief 
objections  raised  by  Hess  to  the  old  theory  may  be  briefly  sum- 
marized as  follows  :  i .  Bats  do  not  penetrate  far  into  caves, 
which  makes  it  difficult  to  account  for  the  presence  of  salts  de- 
rived from  guano  and  their  uniform  distribution  in  the  caves.     2. 
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Cave  earths  contain  little  or  no  organic  matter.  3.  While  the 
total  phosphates  in  the  guano  and  underlying  earth  are  about 
equal,  the  soluble  phosphates  are  much  less  in  the  earth.  In 
criticizing  these  objections  it  is  shown  that  bats  do  penetrate  into 
remote  parts  of  the  caves,  that  in  some  instances  cave  earths  do 
contain  organic  matter,  and  that  the  lack  of  soluble  phosphates  in 
the  earth  is  due  to  a  simple  reversion  of  the  soluble  to  an  insolu- 
ble form.  Among  other  things  to  which  attention  is  called  is  the 
presence  of  carbonates  in  the  drip  waters  of  the  cave  and  their 
absence  in  the  cave  earths,  a  fact  which  Hess*  theory  does  not 
account  for.  It  is  thought  that  the  amounts  of  phosphates  and 
nitrates  taken  into  solution  from  the  soil  are  too  small  to  account 
for  the  amounts  found  in  the  earths  and  that  the  considerable 
quantities  of  soluble  salts  in  the  bat  guano  furnish  a  more  proba- 
ble source  of  supply.  The  author  therefore  concludes  that  the 
old  theory  agrees  with  the  facts  better  than  the  new. 

riohawkite.  Bv  Joseph  W.  Richards.  Am.  /.  Sci,,  161, 
457-458. — Under  the  name  mohawkite  a  mineral  was  described 
by  Ledoux  {Eng,  Min,  /.,  Apr.  7,  1900)  to  which  he  assigned 
the  formula  (Cu,Ni,Co)^As.  Later  the  correctness  of  his  work 
was  called  into  question  by  Koenig,  who  appropriated  the  name 
mohawkite  for  a  mineral  which  he  described  {Am.  J.  Sci.y  Dec., 
1900)  as  having  the  composition  (Cu,Ni,Co),As.  A  new  analy- 
sis is  reported  in  the  present  paper,  confirming  the  correctness  of 
Ledoux*  s  work  and  proving  the  existence  of  a  molecule 
(Cu,Ni,Co)4As.  The  name  Ledouxite  is  proposed  as  a  name  for 
the  latter. 

On  the  Origin  of  tiie  Phenocrysts  in  tlie  Porphyritic  Qranites 
of  Georgia.  By  Thomas  L.  Watson.  /.  Geoi.,  9,  97-122. — A 
detailed  petrographical  study  is  given  of  the  porphyritic  granites 
of  Georgia,  within  the  Piedmont  Plateau.  The  different  areas 
are  taken  up  according  to  their  geographical  distribution.  The 
following  facts  given  by  the  author  concerning  these  rocks  are 
believed  to  indicate  that  the  phenocrysts  (orthoclase)  have  been 
formed  in  place  and  are  not  of  intratelluric  origin  :  i .  The  ab- 
sence of  a  definite  arrangement  or  orientation  among  the  pheno- 
crysts. 2.  Absence  of  the  phenocrysts  from  the  border  zones  of 
the  granite  masses  and  a  gradation  peripherally  from  an  interior 
porphyritic  facies  into  an  even-granular  granite  of  coarse  texture 
and  of  the  same  mineral  and  chemical  composition.  3.  The  ab- 
sence of  any  evidence  of  magmatic  resorption  or  corrosion  of  the 
phenocrysts.  4.  The  absence  of  any  flow  structure.  5.  The 
abundant  inclusions  of  all  the  ground  mass  constituents,  a  feature 
very  characteristic  of  these  porphyritic  granites.  A  table  of  the 
chemical  analyses  of  these  rocks  accompanies  the  article. 
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Mineralog^ical  Notes.  By  C.  H.  Warren.  Am,  J.  Set,,  161, 
369-373. — The  following  minerals  are  described  :  Anorthite 
crystals,  occurring  as  a  contact  mineral  in  the  limestone  at 
Franklin  Furnace,  N.  J.  ;  soda  orthoclase  crystals  of  peculiar 
habit  from  a  phonolite  dike,  Cripple  Creek,  Colo.  ;  iron  wolfram- 
ite crystals  from  South  Dakota ;  pseudomorphs  of  wolframite 
after  scheelite  from  Trumball,  Conn. 

Studies  for  Students,  By  O.  C.  Farrington.  /.  GeoL,  9, 
51-66  ;  1 74- [90. — This  is  a  study  of  meteorites  in  regard  to  their 
chemical  and  mineralogical  composition,  their  petrographical 
characteristics,  their  terrestrial  analogies,  and  to  some  of  the 
theories  relating  to  their  origin. 
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ANALYTICAL  CHEMISTRY. 

PROXIMATE   ANA1,YSIS. 
A.  G.  Woodman,  Revibwer. 

Contribution  to  the  Chemistry  of  Rhubarb.  By  Carl  G. 
HuNKEL.  Pharm.  Archives,  3,  201-216. — A  study  of  some  of 
the  characteristic  constituents  of  rhubarb,  made  especially  with  a 
view  to  determining  the  nature  of  the  cathartic  principle,  the  so- 
called  cathartic  acid. 

A  New  indicator  for  Use  in  I>eterniininj[^  Total  Acidity  of 
Wines.  By  E.  G.  Runyan.  /.  Am,  Chetn.  Soc,  23,  402-405. 
— ^The  indicator  is  prepared  as  follows  :  3.  i  grams  of  corallin  are 
dissolved  in  150  cc.  of  90  per  cent,  alcohol,  neutralized  and  mixed 
with  0.5  gram  of  malachite  green  dissolved  in  50  cc.  of  alcohol. 
The  color  is  purple  with  alkalies  and  green  with  acids.  In  using 
the  indicator,  10  drops  of  it  are  added  to  10  cc.  of  the  wine,  di- 
luted to  300  cc.  and  boiled  as  usual,  an  excess  of  decinormal 
sodium  hydroxide  is  added,  and  the  excess  of  alkali  titrated  with 
decinormal  acid. 

The  Detection  of  riethyl  Alcohol  in  Presence  of  Ethyl  Alco- 
hol By  Al,BERT  B.  Pkescott.  Pharm,  Archives,  4,  86-90. — 
In  the  method  proposed  the  alcohols  are  first  converted  into  alde- 
hydes by  oxidation  with  a  red-hot  copper  spiral.  The  acetic 
aldehyde  is  then  oxidized  by  hydrogen  peroxide  in  excess,  the 
excess  being  removed  by  sodium  thiosulphate.  The  formalde- 
hyde is  finally  tested  for  by  the  well-known  Jorissen  test,  with 
phloroglucin  in  alkaline  solution.  The  presence  of  one  part  of 
methyl  alcohol  in  20  parts  of  ethyl  alcohol  is  shown  by  the  test 
and  ten  or  twelve  minutes  is  required  for  its  execution. 
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The  Lloyd  Reaction  for  florphine.  By  Joseph  L.  Mayer. 
Am,  J,  Pharm.,  73,  353-355. — ^The  author  has  made  experiments 
with  twenty  of  the  more  common  alkaloids  and  finds  that  only 
three,  heroin,  morphine,  and  veratrine,  show  the  *Xloyd*'  reac- 
tion, viz,,  the  gradual  appearance  of  a  violet-blue  color  when 
mixed  with  concentrated  sulphuric  acid  in  the  presence  of  hy- 
drastine.  Of  the  three,  veratrine  is  the  only  one  which  gives  a 
cherry- red  color  with  cold  concentrated  sulphuric  acid.  The  other 
two  are  distinguished  by  nitric  acid,  with  which  morphine  gives 
an  orange-red  color  and  heroin  a  yellow  color. 

On  the  Estimation  of  Urea  in  Urine.  By  J.  H.  Long.  /. 
Am,  Chem,  Sac,,  33,  632-638. — The  chief  source  of  error  in  esti- 
mating urea  in  urine  by  the  Liebig  method  of  titration  with 
standard  mercuric  nitrate  is  the  combination  of  a  portion  of  the 
mercury  solution  with  ammonia,  uric  acid,  and  creatinin.  The 
author  finds  that  the  average  correction  to  be  made  in  20  cc.  of 
fresh  urine  (10  cc.  urine  and  10  cc.  water)  is  2  cc.  of  the  mer- 
curic solution.  In  older  urine  the  effect  of  the  ammonia  formed 
by  decomposition  of  the  urea  becomes  too  great  to  be  easily  cor- 
rected. 

On  the  Determination  of  Formaldehyde.  By  A.  G.  Craig. 
y.  Am,  Chem,  Sac.,  23,  638-643. — Preference  is  given  to  the  Leg- 
ler  method,  in  which  the  formaldehyde  is  allowed  to  stand  with 
excess  of  normal  ammonia,  the  excess  being  titrated  with  stand- 
ard acid  and  litmus.  The  author  considers  it  best,  however,  to 
place  the  formaldehyde  and  ammonia  in  a  bottle  which  can  be 
tightly  closed  and  heated  in  a  boiling  water-bath  for  an  hour. 
The  titration  is  made  with  normal  sulphuric  acid  and  methyl 
orange  to  the  first  indication  of  a  color  change.  A  blank  deter- 
mination is  necessary,  and  in  any  series  of  results  the  higher  ones 
are  likely  to  be  the  better. 


BIOLOQICAL  CHEMISTRY. 

A.  G.  Woodman,  Review kr. 

The  Rate  of  Nitrification  of  Some  Fertilizers.     By  W.  A. 

Withers  and  G.  S.  Fraps.  /.  Am,  Chetn.  Sac,  23,  318-326. — 
The  order  of  nitrification  in  the  soil  used  was,  dried  blood  (great- 
est), dried  fish,  tankage,  bat  guano,  bone,  ammonium  sulphate. 
This  is,  in  general,  the  order  of  availability  as  shown  by  vegeta- 
tion tests  and  digestion  in  potassium  permanganate.  Nitrifica- 
tion was  greatly  accelerated  in  the  presence  of  calcium  carbonate. 
The  low  rate  of  nitrification  of  ammonium  sulphate  is  probably 
due  to  the  selective  action  of  the  nitrifying  organisms. 


GENERAL  AND  PHYSICAL  CHEHISTRY. 

A.  A.  NOYES,   RRVIBWER. 

Eighth  Annual  Report  of  theCommitteeon  Atomic  Weights. 
Determinations  Published  in  1900.  By  F.  W.  Clarke.  /.  Am, 
Chem  Soc,  23,  90-95. — The  average  values  are  given  below.  For 
comparison  those  adopted  by  the  author  in  his  previous  report 
are  appended  in  parentheses.  All  values  are  referred  to  oxygen 
taken  as  1 6.000.  The  wide  divergence  of  the  two  values  for  kryp- 
ton is  unexplained. 

Nitrogen,  Dean 14.031  (  14.04' 

Calcium,  Herzfeld  (in  1897) 39-975  (  40.  i 

Iron,  Richards  and  Baxter 55-89  (  5^.o 

Gadolinium,  Benedicks 156.38  ( 157.0 

Thorium,  Urbain 233.5  (232.6 

Yttrium,  Muthmann  and  Bohm 88.97  (  89.0 

Samarium,  Demar9ay 147-6  (150.3 

Krypton,  Ladenburg  and  Kriigel 58.74  

Krypton,  Ramsay  and  Travers 81. 76  

Helium,  Ramsay  and  Travers 3.96  

Neon,  Ramsay  and  Travers 19-94  

Argon,  Ramsay  and  Travers 39-96  

Xenon,  Ramsay  and  Travers 128.00  

A  Table  of  Atomic  Weights  of  Seventy-Seven  Elements. 

By  Theodore  Wiluam  Richards.  Proc  Am,  Acad,,  36,  544- 
545. — ^The  only  important  changes  in  the  table  since  last  year 
(see  this  J^ev,,  6,  144)  are  the  assignment  of  the  value  238.5, 
instead  of  240,  to  uranium,  on  the  basis  of  work  not  yet  pub- 
lished, done  in  the  author's  laboratory,  and  the  insertion  of  the 
new  elements,  neon,  krypton  and  xenon,  with  atomic  weights 
19.94,  8i-7i  and  128  respectively. 

international  Atomic  Weiglits.  By  Theodore  William 
Richards.  Proc.  Am,  Acad,,  36,  171-176  ;  Am,  Chem,  /.,  24, 
377-383. — ^The  author  reports  that  the  International  Committee 
on  Atomic  Weights  favor  unanimously  the  appointment  of  a 
smaller  committee  to  make  a  yearly  revision,  and  approves  by 
votes  of  about  40  to  8  the  adoption  of  16  parts  of  oxygen  as  the 
standard,  and  the  retention  of  so  many  decimal  places  that  the 
last  figure  is  certain  within  half  a  unit.  The  author  regards  this 
last  decision  as  unfortunate  :  he  points  out  that  it  may  introduce 
a  very  serious  error  ( J^  per  cent. )  in  some  of  the  low  atomic 
weights,  one  several  times  greater  than  exists  in  the  determi- 
nations of  them,  and  shows  that  it  is  quite  irrational  even  from 
the  standpoint  of  ''common  use,*'  where  a  certain  percentage 
accuracy  (say  o. i  per  cent.)  is  all  that  is  ordinarily  wanted. 
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Therefore,  if,  as  contended  by  the  majority,  adaptability  to  com- 
mon use  should  be  the  guiding  principle,  only  so  many  decimals 
should  be  retained  as  to  secure,  whenever  possible,  a  certain  per- 
centage accuracy  in  the  atomic  weight  value.  To  these  objections 
the  reviewer  desires  to  add  two  others  :  first,  that  the  refusal  of 
the  committee  to  recognize  the  gradual  advances  in  accuracy 
which  may  be  made  tends  to  discourage  the  execution  of  exact 
atomic  weight  determinations  ;  and  second,  that  the  deliberate 
disregard  in  this  case  of  the  scientific  principles  governing  signifi- 
cant figures  will  make  it  more  difficult  than  ever  to  secure  proper 
recognition  of  those  principles  by  chemical  students  and  investi- 
gators. 

The  Standard  of  Atomic  Weights.  By  Thkodork  William 
Richards.  Proc,  Am,  Acad,,  37,  177- 181.— Besides  emphasiz- 
ing the  familiar  fact  that  oxygen  has  served  as  the  experimental 
standard  of  reference  in  the  great  majority  of  cases,  the  author 
contends  that  the  argument  that  the  h3'^drogen  standard  has  peda- 
gogical advantages  is  illusory,  for  the  student  usually  learns  by 
heart  the  old  rule,  "the  molecular  weight  equals  twice  the  specific 
gravity,"  without  understanding  it,  while  if  densities  are  referred 
to  oxygen  and  the  corresponding  factor  32  is  employed,  the 
reason  for  the  relationship  is  more  apparent.  In  closing,  the 
author  urges  that,  whatever  one's  personal  opinion  may  be,  the 
decision  of  the  International  Committee  be  respected. 

The  Atomic  Weight  off  Antimony.  By  G.  Clausen  Friend 
AND  Edgar  F.  Smith.  /.  Am,  Chem,  Soc,  23,  502-505. — Po- 
tassium antimonyl  tartrate,  purified  by  ten  recrystallizations,  was 
heated  to  dull  redness  first  in  hydrochloric  acid  gas,  next  in  oxy- 
gen, and  then  again  in  hydrochloric  acid  gas  ;  the  carbon  was 
filtered  off  after  dissolving  in  water,  the  solution  evaporated,  and 
the  residual  potassium  chloride  weighed.  The  mean  of  eight  de- 
terminations gives  120.353  ^s  the  atomic  weight  of  antimony 
(oxygen  =  16.00). 

On  the  Periodic  System  and  the  Properties  of  inorganic 
Compounds.     II.  Gradations  in  the  Properties  of  Alums.     By 

Jambs  Ix>CKH.  Am,  Chem,  J,,  26,  166-185.— The  author  has 
determined  the  melting-point,  and  solubility  in  water  at  25°  (in 
a  few  cases  also  at  30°,  35°,  and  40°),  of  many  of  the  alums  con- 
taining sodium,  potassium,  rubidium,  cesium,  thallium,  or  ammo- 
nium as  the  univalent  metal,  and  aluminum,  vanadium,  chromium, 
iron,  cobalt,  or  indium  as  the  trivalent  metal.  He  has  also  cal- 
culated their  molecular  volumes.  The  solubilities  of  the  alums 
of  any  one  trivalent  metal  decrease  with  the  nature  of  the  univa- 
lent metal  in  the  order,  sodium  (atomic  weight,  23),  potassium 
(39).  or  ammonium  (18),  thallium  (204),  rubidium  (85),  cesium 
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(133)-  Those  of  the  alums  of  any  one  univalent  metal  decrease 
in  theorder,  iron  (atomic  weight,  56),  vanadium  (51),  chromium 
(52),  aluminum  (27).  The  melting-points  increase  in  the  same 
order  in  which  the  solubilities  decrease,  iron  being  preceded  by 
indium  (atomic  weight,  114)  and  cobalt  (59),  two  additional  tri- 
valent  elements  whose  alums  were  investigated.  The  extent  to 
which  these  two  properties  of  the  alums  are  a  progressively  vary- 
ing function  of  the  atomic  weight  will  be  seen  by  comparing  the 
order  given  above  with  that  of  the  atomic  weights.  In  the  case 
of  the  univalent  metals,  thallium,  the  only  element  belonging  to 
a  distinct  group  of  the  periodic  system,  forms  a  marked  excep- 
tion. In  the  case  of  the  trivalent  metals,  while  there  seems  to  be 
a  tendency  to  conformity  with  the  principle,  it  is  by  no  means  a 
pronounced  one.  This  becomes  still  more  evident  when  one  con- 
siders, in  addition  to  the  mere  order  of  the  elements,  the  fact  that 
the  differences  between  the  properties  of  the  aluminum  and  chro- 
mium alums  are  small,  while  those  between  the  properties  of  the 
chromium  and  vanadium  alums  are  very  large. 

The  Effect  of  Temperature,  ol  Colloidal  Ferric  Hydrate,  and 
of  a  ilagnetic  Field  on  the  Hydrolysis  of  Ferric  Chloride.     By 

H.  M.  Goodwin  and  Frederick  W.  Grover.  Phys,  Rev,,  11, 
193-214. — A  study  of  the  rate  of  the  hydrolysis  at  0°,  15. 5*^,  and 
25°  shows  that  lowering  of  temperature  diminishes  very  greatly 
the  rate  of  formation  of  the  colloidal  hydroxide  and  increases  the 
initial  lag  of  the  reaction  (see  this  Rev.,  3,  22).  The  addition  of 
colloidal  hydroxide  at  the  start  entirely  destroys  this  lag,  and  ac- 
celerates the  reaction  nearly  in  proportion  to  the  amount  added. 
This  confirms  the  explanation  previously  given  of  the  lag  and 
remarkable  acceleration  of  the  reaction  when  once  started,  accord- 
ing to  which  the  rate  of  formation  of  the  colloidal  hydroxide  is 
dependent  on  the  presence  of  some  colloid  particles  which  can 
serve  as  nuclei  for  the  further  development  of  the  colloid.  It  is 
also  shown  that  the  rate  of  the  hydrolysis  is  not  appreciably  af- 
fected by  a  magnetic  field  of  2000  lines  per  square  centimeter. 

A  Spectrophotometric  Study  of  the  Hydrolysis  ol  Dilute  Fer- 
ric Chloride  Solutions.  Bv  B.  E.  Moore.  Phys.  Rev.,  12, 
1 51-176. — Measurements  were  made  with  a  Brace  spectrophotom- 
eter of  the  light-absorption  caused  by  freshly  prepared  dilute 
ferric  chloride  solutions,  of  its  change  with  the  time,  and  of  its 
limiting  value.  The  absorption  can  be  regarded  as  an  approxi- 
mate measure  of  the  amount  of  colloidal  ferric  hydroxide,  for  the 
other  molecules  and  ions  present  are  much  more  transparent. 
The  results  are  in  general  accord  with  those  previously  obtained 
by  Goodwin  {this Rev.,  3,  22  and  preceding  review)  by  the  con- 
ductivity method.     Namely,  in   very  dilute  solutions   (0.0003 
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molar)  the  hydrolysis  or  colloid  formation  takes  place  with  great 
rapidity,  amounting  to  50  per  cent,  in  ten  minutes,  while  at  some- 
what higher  concentrations  (0.0016-0.0024  molar)  there  is  an 
initial  period  of  inaction,  followed  by  a  rapidly  increasing  rate  of 
hydrolysis.  The  solutions  all  hydrolyzed,  however,  considerably 
more  rapidly  than  the  corresponding  ones  of  Goodwin.  In 
0.0003-0.0012  molar  solutions  the  hydrolysis  ultimately  becomes 
complete,  but  stops  at  80-87  per  cent,  in  ao.0012  molar  solution. 

On  the  Freezing-Points  of  Aqueous  Solutions  of  Non-Elec- 
trolyteSy  II.  By  E.  H.  Loomis.  Phys.  Rev,,  12,  220-239. — 
After  discussing  the  variation  in  the  zero-point  of  his  thermome- 
ter, the  author  gives  the  results  of  further  freezing-point  determi- 
nations (see  this  Rev,,  6, 142).  The  molecular  lowerings  calcula- 
ted for  one  mol  in  a  liter  of  solution  are  as  follows  : 

Molar  concentration. 


, N- 


Solute.  o.oi.  0.02.  0.05.  o.io.  o.ao. 

Milk  sugar 1.86  1.86  1.89  1.91  1.96 

Maltose 1.93  1.89  1.89  1.92  1.97 

Levulose 1.86  1.88  1.88  1.89  1.92 

Dulcite 1.85  1.88  1.86  1.88 

Acetamide 1.83  1.81  1.83  1.84  1.84 

Salicine 1.83  1.87  1.87  1.87 

All  these  substances  except  acetamide  and  perhaps  maltose,  like 
most  of  those  previously  studied,  give  the  limiting  value  1.86  as 
the  dilution  increases.  The  value  calculated  by  van't  Hoff*s 
equation  is  also  1.86,  if  79.3  be  assumed  as  the  heat  of  fusion  of 
ice.  With  increasing  concentration  the  values  increase  by  a  few 
per  cent,  in  most  cases  ;  however,  more  nearly  constant  results 
are  obtained  if  the  molecular  lowerings  are  calculated  for  one  mol 
of  solute  in  1000  grams  of  solvent. 

The  Conductivities  of  Some  Double  Salts  as  Compared  witli 
tlie  Conductivities  of   flixtures  of  Tlieir  Constituents.     Bv 

Chari^SS  F.  Lindsay.  Am.  Chem,  /.,  25,  62-69. — The  author 
claims  to  have  found  that  the  conductivities  of  solutions  prepared 
by  dissolving  in  water  the  three  crystallized  double  salts,  potas- 
sium cadmium  chloride,  potassium  nickel  sulphate,  and  ammo- 
nium magnesium  sulphate,  are  less  in  j^  to  >^  molar  solution  by 
1.3,  1.2,  and  2.4  per  cent.,  respectively,  than  the  conductivities 
of  solutions  prepared  by  mixing  the  corresponding  quantities  of 
accurately  analyzed  solutions  of  the  two  constituents.  The  ex- 
periments were  made  in  the  same  way  in  every  respect  with  the 
two  kinds  of  solutions,  and  the  analyses  of  both  are  said  to  have 
been  certainly  accurate  to  o.  i  per  cent.     It  is  unfortunate,  in  an 
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investigation  of  this  kind,  the  value  of  which  depends  wholly  on 
the  exactness  of  the  results,  that  the  analytical  data  were  not 
communicated.  Moreover,  no  statement  is  made  as  to  the  time 
that  elapsed  between  the  preparation  of  the  solutions  and  the 
measurement  of  their  conductivities.  The  author  also  found, 
when  a  solution  of  the  mixed  constituents  was  evaporated  to  dry- 
ness and  the  residue  redissolved,  that  the  conductivity  was  less 
than  before. 

Contribution  to  the  Study  of  Aqueous  Solutions  of  Double 
Salts.     IV.  Iodides,  Cyanides,  Nitrates,  and  Sulphates.     By 

Harry  C.  Jones  and  B.  Pai^mbr  Cai^dwell.  Am,  Chem,  /. , 
25,  349-390. — In  continuation  of  earlier  researches  {this  Rev\,  6, 
I )  the  electrical  conductivities  of  aqueous  solutions  of  many  dou- 
ble salts,  at  concentrations  varying  from  molar  up  to  a  very  high 
dilution,  were  measured  and  compared  with  the  sums  of  the  con- 
ductivities of  the  separate  components  of  the  salts,  which  were  in 
most  cases  measured  by  the  authors,  but  were  in  some  cases  de- 
rived from  the  work  of  other  investigators.  The  percentage  dif- 
ference between  the  sum  of  the  conductivities  of  the  separate  com- 
ponents and  the  conductivity  of  the  double  salt,  in  o.  i  normal 
solution,  was  found  to  be  23  per  cent,  in  the  cases  of  potassium 
cadmium  iodide,  strontium  cadmium  iodide,  and  potassium  mer- 
cury cyanide,  showing  the  existence  in  solution  of  a  considerable 
quantity  of  the  double  salts.  In  the  cases  of  the  double  sulphates 
of  ammonium  and  magnesium,  copper,  ferrous  iron,  cadmium,  or 
nickel,  and  of  potassium  nickel  sulphate,  at  the  same  concentra- 
tion, the  differences  were  11  to  14  per  cent.,  again  indicating, 
though  much  less  conclusively,  the  existence  of  the  double  salts 
in  solution.  In  the  cases  of  the  double  nitrates  of  ammonium  and 
neodymium,  or  praseodymium,  the  differences  were  very  small 
( 1.4-5. 1  per  cent. ).  The  authors  have  also  confirmed  the  results 
of  Lindsay  (see  preceding  review)  with  ammonium  magnesium 
sulphate,  and  have  investigated  ammonium  cadmium  sulphate  in 
the  same  direction  with  similar  results.  They  have  also  studied 
the  freezing-point  lowering  caused  by  some  of  the  above-men- 
tioned double  salts  and  their  components  separately.  The  sum 
of  the  molecular  lowerings  of  the  components  is  greater  than  the 
molecular  lowering  of  the  double  salt  in  0.2-0.25  molar  solution 
by  4.77°  in  the  case  of  potassium  mercuric  cyanide,  0.47°  in  that 
of  ammonium  cadmium  sulphate,  and  — 0.30®  in  that  of  ammo- 
nium praseodymium  nitrate.  Thus,  about  2.5  (4.77-7-1.86) 
molecules  disappear  when  2KCN  and  Hg(CN),  are  brought  to- 
gether, which  corresponds  well  with  the  formation  of  the  com- 
plex salt  KjHg(CN)j  if  allowance  is  made  for  its  degree  of  disso- 
ciation, which  is  probably  less  than  that  of  the  potassium  cya- 
nide.    The  differences  in  the  other  two  cases  are  not  large  enough 
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to  prove  the  formation  of  a  complex  salt.  Potassium  cadmium 
iodide,  cadmium  sulphate,  praseodymium  nitrate,  and  ammonium 
praseodymium  nitrate  exhibit  a  minimum  molecular  lowering  at 
not  far  from  0.2  molar  concentration  (see  this  Rev.  ^  6«  2). 

A  Jlodificatioa  of  the  Usual  Method  of  Determinini^  Trans- 
ference Numbers,  and  an  Investigation  of  tlie  Influence  of  the 
Concentration  on  Their  Values  in  the  Case  of  Some  Triionic 
Salts.  By  Authur  A.  Noyes.  /.  Am.  Chem.  Soc.,  23,  37-57  ; 
Phys.  Rev.,  12,  14-42. — The  modification  consists  only  in  adding, 
during  the  electrolysis,  to  the  portions  around  the  electrodes 
weighed  quantities  of  acid  and  alkali  solutions  respectively  of 
such  a  strength  as  to  keep  both  the  composition  and  concentra- 
tion of  the  solution  nearly  constant.  This  enables,  however,  the 
electrolysis  to  be  carried  on  much  longer,  thereby  greatly  increas- 
ing the  accuracy  of  the  results.  By  this  method  the  transference 
numbers  of  potassium  sulphate,  barium  nitrate,  and  barium  chlo- 
ride were  determined  in  0.2  and  0.04  normal  solution.  Those  of 
the  first  two  salts  were  found  to  di£fer  only  very  slightly  at  the 
two  concentrations,  showing  that  the  intermediate  ions  KSO/  and 
BaNO,*  do  not  exist  in  appreciable  quantity.  The  transference 
number  of  barium  chloride  was  found  to  increase  greatly  with  in- 
creasing dilution,  indicating  the  presence  of  complex  ions  like 
Bad/  or  BaCl/'. 

Studies  on  Solutions  of  Tin  Salts.  I.  Electrical  Conduc- 
tivity of  Solutions  of  Stannous  Chloride  and  Hydrochloric 
Acid.  II.  The  Oxidation  of  Solutions  of  Stannous  Chloride  by 
rieans  of  Free  Oxygen.  III.  The  Course  and  Kinetics  of  the 
Reaction  between  Stannous  Chloride  and  Oxygen.  By  S.  W. 
Young.  /.  Am.  Chem.  Soc.,  23,  21-36,  1 19-147,  450-460. — 
I.  The  addition  of  stannous  chloride  is  found,  both  at  25^andato^, 
to  cause  an  increase  in  the  conductivity  of  hydrochloric  acid  solu- 
tions when  these  are  dilute  (0.25-0.5  normal),  but  a  decrease  (of 
3.6-4.7  per  cent,  for  one  equivalent  of  salt  added  per  liter)  when 
the  acid  solutions  are  concentrated  (i-  to  4-fold  normal).  In  the 
latter  solutions  the  absolute  decrease  of  conductivity  is  nearly  pro- 
portional both  to  the  concentration  of  the  ions  of  the  hydrochloric 
add  and  to  that  of  the  added  stannous  chloride  ;  it  seems  to  the 
reviewer  that  this  fact,  which  is  not  sufficiently  emphasized  by 
the  author,  indicates  that  SnCl,'  ions  (corresponding  to  the  com- 
plex acid  HSnCl,)  are  the  main  product  of  the  action  in  the  con- 
centrated solutions ;  the  author,  however,  considers  it  probable 
that  there  are  two  complex  acids  present,  such  as  HSnCl,  and 
HfSnClf,  and  that  the  one  predominates  in  the  diluter,  the  other 
in  the  stronger,  solutions.  The  increase  of  conductivity  in  the 
dilute  acid  solutions  may  well  be  due  to  hydrolysis,  as  the  author 
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suggests.  The  absolute  decrease  in  conductivity  caused  by  stan- 
nous chloride  was  found  to  be  always  less  when  the  hydrochloric 
add  was  replaced  in  part  by  potassium  chloride,  but  the  percent- 
age decrease  was  greater  when  large  amounts  of  potassium  chlo- 
ride were  used.  In  one  experiment  made  with  potassium  iodide 
(instead  of  chloride)  a  much  greater  decrease  of  conductivity 
occurred,  indicating  that  the  iodine  acid  (HSnl,)  is  more  stable. 

II.  The  apparatus  is  first  described  which  was  used  for 
shaking  solutions  of  stannous  chloride  containing  hydrochloric 
acid,  with  oxygen  under  constant  (atmospheric)  pressure,  and 
measuring  the  amount  of  gas  absorbed  as  the  reactions  progressed. 
As  preliminary  experiments  did  not  yield  satisfactory  first-order 
constants  and  showed  that  the  reaction  was  exceedingly  sensitive 
to  accidental  catalytic  agencies,  such  as  tobacco  smoke  and  con- 
tact with  rubber,  an  investigation  was  first  made  of  the  effect  of 
various  catalyzers.  It  was  found  that  brudne,  morphine,  nico- 
tine, aniline,  and  potassium  cyanide  greatly  retarded  the  reaction, 
and  that  rubber  powder,  sulphur,  stannous  sulphide,  iron  and 
copper  salts,  and  alcohol  accelerated  it. 

III.  Stannous  chloride  solutions  were  oxidized  rapidly  by  five 
diflFerent  agents,  and  the  increase  in  the  conductivity  of  the  resulting 
solution  with  time  determined.  In  every  case  this  was  found  to 
be  considerable,  indicating  that  stannic  chloride  is  the  first  pro- 
duct of  the  oxidation  and  that  this  then  slowly  hydrolyzes.  In 
the  last  part  of  the  paper  the  mass-action  equations  are  formulated 
which  should  express  the  velocity  of  a  reaction,  such  as  this 
appears  to  be,  in  which  a  substance  (the  hydrochloric  acid)  con- 
sumed by  it  is  regenerated  by  a  secondary  reaction. 

Catalysis  in  Concentrated  Solutions.  By  J.  M.  Crafts.  /. 
Am,  Chem,  Soc,  23,  236-249. — Metaxylenesulphonic  acid  was 
heated  in  sealed  tubes,  at  100^,  with  hydrochloric  add  solutions 
containing  from  10-38  per  cent,  of  the  gas,  the  rate  of  decompo- 
sition being  determined  by  cooling  the  tube  and  measuring  in  a 
calibrated  part  of  -it  the  layer  of  xylene  which  separated.  The 
velocity-constants  are  found  to  increase  enormously  with  increas- 
ing concentration  of  the  hydrochloric  acid,  for  example,  35-fold, 
when  the  concentration  is  increased  from  19  to  38  per  cent.,  and 
nearly  so  as  to  form  a  geometrical  progression  when  the  corre- 
sponding changes  in  the  acid  concentrations  form  an  arithmetical 
progression,  thus  recalling  the  effect  of  temperature  on  the  rate  of 
reactions,  or  the  increase  in  the  partial  pressure  of  hydrochloric 
add  gas  from  itsown  solutions  (seelhtsJfev, ,  4, 57).  The  last-men- 
tioned parallelism  seems  to  the  reviewer  espedally  significant, 
since  the  partial  pressure  of  the  vapor  is  an  approximate  measure 
of  the  (anhydrous  and  undissociated)  HCl  molecules  in  the  solu- 
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lion.  Experiments  also  showed  that  the  addition  of  zinc  chloride 
or  sulphuric  acid  to  the  hydrochloric  acid  solution  of  the  sul- 
phonic  acid  greatly  increased  the  rate  of  its  decomposition  ;  and 
the  author  suggests  that  the  course  of  the  reaction  is  perhaps  to 
be  explained  by  the  hypothesis  that  it  is  only  when  the  sulphonic 
acid  molecules  have  been  dehydrated  that  they  are  susceptible  to 
hydrolysis.  Fifty  per  cent,  sulphuric  acid  was  found  to  cause 
nearly  as  rapid  a  rate  of  decomposition  as  25  per  cent,  hydrochlo- 
ric acid,  but,  remarkably  enough,  nitric  acid  of  a  corresponding 
concentration  causes  a  scarcely  appreciable  hydrolysis.  A  single 
experiment  with  the  sulphonic  acid  of  pseudocumene  shows  that  it 
hydrolyzes  somewhat  more  rapidly  than  that  of  nietaxylene. 

The  Reaction  between  Chloroform  and  Potassium  Hydroxide. 

By  a.  p.  Saunders.  /.  Phys,  Chem,,  4,  660-674. — Six  series  of 
experiments  were  made  on  the  velocity  of  the  reaction  mentioned 
in  the  title.  Though  the  results  are  very  irregular,  they  indicate 
that  the  reaction  is  one  of  the  second,  not  one  of  the  fourth,  order  ; 
and,  therefore,  that  it  proceeds  in  successive  stages. 

On  the  Expansion  of  Certain  iletals  at  High  Temperatures. 

By  I,udwig  Holborn  and  Arthur  L.  Day.  Am,  J,  Sci,,  161, 
374-390. — The  linear  expansion  of  bars  of  platinum,  palladium, 
platinum-iridium,  silver,  nickel,  constantan,  wrought  iron,  and 
steel  was  measured  between  0°  and  750**  or  1000°  for  each  250° 
(or  125**)  interval. 

On  the  Spectrum  of  the  More  Volatile  Oases  of  Atmospheric 
Air  Which  Are  Not  Condensed  at  the  Temperature  of  Liquid 
Hydrogen.  By  S.  D.  I,iveing  and  J.  Dewar.  Am,  J,  Sci,, 
161,  154-161. — Besides  communicating  the  experimental  material 
relating  to  the  subject  named  in  the  title,  the  authors  state  that 
they  found  that  the  gases  referred  to  contained  43  per  cent,  of 
hydrogen,  thus  proving  its  existence  in  sensible  proportion  in  the 
atmosphere. 

Boiling-point  of  Liquid  Hydrogen,  Determined  by  Hydrogen 
and  Helium  Oas  Thermometers.  By  James  Dkw^ar.  Am.  J. 
Sci.,  161,  291-301.— The  boiling-point  of  hydrogen  was  previously 
determined  only  by  a  resistance- thermometer,  which  yielded  the 
value  — 238.4**.  In  this  result  was  involved  the  validity  of  an 
empirical  law  not  tested  for  such  low  temperatures.  The  author 
has  now  determined  it  by  measuring  the  pressure  of  hydrogen 
and  of  helium  kept  at  constant  volume,  and  finds  it  to  be  — 252.5® 
or  20.5°  absolute.  By  the  same  method  that  of  oxygen  is  found 
to  be  — 182.5°,  in  agreement  with  previous  determinations. 
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The  Nadir  of  Temperature  and  Allied  Problems.  By  James 
Dewar.  Am,  J.  Sci,,  162,  168-172.— This  article,  which  is  an 
abstract  by  the  author  of  a  lecture  given  by  him  before  the  Royal 
Society,  contains  many  new  and  interesting  results.  The  melt- 
ing-point of  solid  hydrogen  is  r6**  absolute  by  the  helium  ther- 
mometer, 16.7°  by  the  hydrogen  thermometer.  The  lowest  tem- 
perature yet  measured  (thatobtainedbytheuse  of  solid  hydrogen) 
is  14.5°.  The  heat  of  vaporization  of  liquid  hydrogen  is  about 
200,  the  heat  of  fusion  of  the  solid  substance  about  16  calories. 
The  atomic  heat  of  liquid  hydrogen,  and  also  that  of  liquid  nitro- 
gen, is  about  6,  in  accordance  with  the  Law  of  Dulong  and  Petit. 
The  refractive  index  is  1.12,  the  theoretical  value  at  the  boiling- 
point  being  i.ii.  Hydrogen,  helium,  and  neon  have  been  sepa- 
rated from  air  by  two  methods.  Xenon  and  krypton  can  be  sepa- 
rated from  air  without  liquefying  it  by  drawing  it,  under  reduced 
pressure,  through  a  spiral  tube  filled  with  glass  wool  and  im- 
mersed in  liquid  air  kept  under  exhaustion.  Fifteen  diflferent 
electrical  resistance-thermometers  were  studied  down  to  the  boil- 
ing-point of  hydrogen  ;  they  give,  at  that  low  temperature,  re- 
sults widely  divergent  among  themselves  and  higher  than  that 
given  by  a  gas  thermometer.  Helium  has  not  been  liquefied,  al- 
though it  has  been  cooled,  probably  to  9°-io°,  by  expansion  from 
80  atmospheres  while  surrounded  with  solid  hydrogen.  Organic 
bodies  are  found  to  increase  greatly  in  phosphorescence,  and  some 
crystals  to  become  highly  electrified,  when  cooled  to  20°. 

On  the  Separation  of  the  Least  Volatile  Oases  of  Atmospheric 
Air  and  their  Spectra.  By  S.  D.  Liveing  and  James  Dewar. 
Am,  J,  Sci,,  162,  207-215. — Two  forms  of  apparatus  used  for  the 
fractionation  of  liquid  air  are  described.  After  most  of  the  oxy- 
gen and  nitrogen  has  distilled  off,  the  remaining  gases  follow  in 
the  .sequence,  argon,  krypton,  xenon.  The  remainder  of  the  ar- 
ticle is  devoted  to  a  description  of  the  spectra  of  krypton  and 
xenon  and  their  variation  with  the  nature  of  the  electric  dis- 
charge. 

1.  On  an  improved  Method  of  I>etermining  Latent  Heat  of 
Evaporation  and  on  the  Latent  Heat  of  Evaporation  of  Pyri- 
dine, Acetonitrile,  and  Benaconitrile.  II.  The  Latent  Heats  of 
Evaporation  of  a  Number  of  Organic  Nitrogen*Bearing  Com- 
pounds. By  Louis  Kahlenberg.  /.  Phys,  Chem,,  5,  215-232; 
284-288. — ^The  author  has  modified  the  apparatus  of  Berthelot 
{MScanique  chtmique,  I,  289)  by  substituting  for  the  flask-shaped 
boiling  vessel  heated  by  a  gas  flame  a  large  test-tube  heated  by 
passing  an  electric  current  through  a  platinum  spiral  placed  in 
the  liquid  within  the  tube.  The  top  of  the  tube  is  closed  by  a 
cork  stopper,  and  the  vapors  pass  into  the  calorimeter  beneath 
through  a  narrow  glass  tube  fused  into  the  bottom  of  the  boiling 


150  Review  of  American  Chemical  Research, 

tube  and  extending  nearly  to  its  top,  9s  in  Berthelot's  apparatus. 
Determinations  to  test  the  apparatus  were  made  with  water,  ben- 
zene, ethyl  alcohol,  and  ethyl  iodide,  formate,  and  acetate  ;  the 
duplicate  results  were  found  to  ag^ee  always  within  a  few  tenths 
per  cent.  Pour  determinations  of  the  heat  of  vaporization  of 
water  gave  535.7  ^  0.4  cal.,  in  agreement  with  the  results  (536.2. 
537.7,  and  536.6)  of  other  recent  investigators.  The  heats  of 
vaporization  H  (and  incidentally  the  specific  heats)  of  eight  or- 
ganic nitrogen  compounds  were  then  determined,  and  from  these 
were  calculated  the  molecular  rises  of  boiling-point  and  the  Trou- 
ton  constants  (that  is,  the  ratios  of  the  molecular  heats  of  vapor- 
ization, MH,  to  the  absolute  temperatures  of  the  boiling-points, 
T).     The  results  are  given  in  the  following  table  : 

0.02  T*  MH 

"•  *•  — jj — •  "t"' 

Pyridine 104.0  387**  28.8**  20.5 

a-Picoline 90-75  402  35.6i  21.0 

Acetonitrile 173.6  353.5  14.39  ^o.i 

Valeronitrile 95*95  402  33*69  19.8 

Benzonitrile 87.7  462  48.67  19.5 

Amylamine 9^*75  368  27.42  23.3 

Dipropylamine  •  •  •  75.69  381  38.35  20.0 

DitsoDUtylamine .  *  65.85  407.5  50.43  20.8 

The  Surface-Tension  of  Water  above  100''  C.  By  Chas.  T. 
Knipp.  Phys,  Rev.t  11,  129-154.  The  author  first  describes  in 
detail  the  construction  of  a  platinum- plated  steel  bomb  capable  of 
withstanding  pressures  and  temperatures  above  the  critical  ones 
of  water.  The  bomb  is  closed  below  by  a  small  perforated  plug 
connected  with  a  pressure  gauge,  and  above  by  a  large  plug 
through  which  insulated  circuits  are  introduced.  One  of  these 
consisted  within  the  bomb  of  a  coil  of  wire,  in  whose  axis  was  an 
iron  core  attached  to  a  thin  platinum  vane,  while  two  other  cir- 
cuits served  to  indicate  the  level  of  the  water  and  the  rising  of 
the  vane.  The  current  which  had  to  be  passed  through  the  coil 
in  order  to  raise  the  vane  out  of  the  liquid  into  the  vapor  was 
shown  to  be  a  measure  of  the  surface-tension.  The  decrease  in  sur- 
face-tension is  found  to  be  very  closely  proportional  to  the  increase 
of  temperature  between  o**  and  300®.  Above  300®  the  decrease 
is  somewhat  less  rapid,  except  in  the  immediate  neighborhood  of 
the  critical  temperature  where  it  is  extremely  rapid.  The  density 
of  the  saturated  water  vapor  was  also  determined  by  measuring 
the  current  required  to  hold  the  core  and  vane  in  suspension  in 
the  vapor,  but  the  results  are  regarded  only  as  preliminary.  The 
bomb  may  also  be  used,  after  replacing  the  plug  carrying  the  vane 
and  electric  circuits  by  a  simple  one,  for  determining  the  vapor- 
pressure  of  water  at  high  temperatures,  and  its  critical  tempera- 
ture and  pressure.  The  vapor-pressure  values  in  atmospheres  are 
9.6  at  180**,  15.5  at  200®,  23.oat22o®,  33.6  at  240^,47.1  at  260**, 
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65.9  at  280°,  89.0  at  300°,  120  at  320®,  160  at  340®,  and  205  at 
359**,  the  critical  temperature.  The  critical  pressure  and  tem- 
perature were  obtained  by  noting  the  point  at  which  the  pressure- 
temperature  curves  began  to  diverge,  when  different  quantities  of 
water  were  present  in  the  bomb. 

Thermodynamic  Notes :  Revision  of  Some  Thermal  Data 
Concerning:  Benzene.  By  K.  Tsuruta.  Phys.Rev.,  10,  116- 
122. — The  article  contains  no  new  experimental  material,  but 
discusses  the  existing  data  on  the  vapor-pressures  of  benzene,  its 
specific  volumes  in  the  state  of  liquid  and  saturated  vapor,  and 
its  heat  of  vaporization,  between  10°  and  270®,  and  also  the 
vapor-pressures  of  liquid  and  solid  benzene  below  its  freezing- 
point.     The  most  probable  values  of  these  constants  are  derived. 

A  Determination  of  the  Viscosity  of  Water.  By  E.  R.  Drew. 
Phys,  Rev,,  la,  1 14-120. — The  apparatus  used  consisted  essen- 
tially of  two  vertical  coaxial  cylinders,  the  outer  capable  of  rota- 
ting at  any  desired  speed,  while  the  inner,  which  is  closed  at 
the  ends,  is  suspended  by  means  of  a  torsion  wire  between  agate 
bearings  in  the  axis,  the  liquid  being  contained  in  the  space  be- 
tween the  two  cylinders.  The  coefficient  of  viscosity  was  found 
to  be  0.01020-0.01023  dyne  at  20°,  while  Poisseule  previously 
found  o.oioi. 

On  the  Density  of  ice.  By  H.  T.  Barnes.  Phys,  Rev,,  13, 
55-59. — Contrary  to  the  results  of  Nichols  {Ihis  Rev,,  5,  50),  the 
author  was  not  able  to  detect  any  difference  between  the  density 
of  fresh  river  ice  and  that  of  ice  which  was  one  or  two  years  old. 
The  author's  final  value  is  0.91 661  =b  0.00007.  Nichols*  results 
varied  for  different  samples  from  0.9162  to  0.918 1. 

,  The  Specific  Heat  of  Solutions  Which  Are  Not  Electrolytes, 

11-  By  William  Francis  Magie.  Phys.  Rev,,  13,  91-101. — In 
continuation  of  his  previous  investigation  (Ihis  Rev.,  6,  11),  the 
author  has  determined  the  specific  heat  of  aqueous  solutions  of 
various  isomeric  sugars  and  of  both  aqueous  and  alcoholic  solu- 
tions of  the  three  dioxy benzenes  and  of  phenol.  He  finds  that 
the  molecular  heats  of  many  of  these  isomers  in  aqueous  solution 
differ  by  7-20  per  cent,  from  one  another,  and  that  those  of  the 
same  substance  differ  markedly  in  the  two  solvents,  but  are  con- 
stant in  the  same  solvent  at  different  concentrations  between  o.  i 
molar  and  molar. 

On  the  Solubility  of  Hanganous  Sulphate.  By  P.  G.  Cot- 
TRELL.  /.  Phys,  Ghent,,  4,  637-656. — This  investigation  was  un- 
dertaken in  order  to  explain  the  remarkable  results  previously 
obtained  with  this  salt  by  Linebarger  (^Am,  Chem,  J,,  15,  225). 
His  solubility  determinations  are  shown,  however,  to  have  been 
erroneous,  owing  to  the  dehydration  of  the  salt  at  too  low  a  tem- 


152  Review  of  American  Chemical  Research, 

perature  (170*^)  before  weighing.  While  Linebarger  obtained 
all  seven  hydrates,  containing  from  i  to  7  molecules  of  water,  the 
author  was  able  to  obtain  only  those  with  1,4,  5,  and  7  molecules. 
He  has  made  94  solubility  determinations  with  these  four  hydrates 
at  temperatures  between  —  10°  and  +  100°.  There  is  nothing 
peculiar  about  the  results,  except  that  the  monohydrate  reaches 
equilibrium  with  its  solution  very  slowly. 

The  Solubility  of  Manganous  Sulphate.  Bv  Theodore 
WiLUAM  Richards  and  Frank  Roy  Fraprie.  Am.  Chem,  /., 
26,  75-80  ;  Proc,  Am,  Acad.,  36,  509-514. — The  solubility  of  the 
pentahydrated  salt  at  25^  and  that  of  the  tetrahydrated  salt  at 
30.15°  and  35°  were  determined.  The  results  confirm  those  of 
Cottrell  (see  preceding  review)  which  differed  greatly  from  the 
earlier  ones  obtained  by  Linebarger. 

A  Study  of  Growing  Crystals  by  Instantaneous  Photomi- 
crography. By  Theodore  Wilwam  Richards  and  Ebene- 
zer  Henry  Archibald.  Am,  Chem,  /.,  26,  61-74  :  Proc,  Am. 
Acad.,  36,  341-353. — The  apparatus  used  consisted  of  a  compound 
microscope  connected  above  with  a  vertical  folding  camera, 
through  a  dark  box  containing  a  revolving  shutter.  With  this 
apparatus,  instantaneous  photographs  were  taken,  at  regular  in- 
tervals, of  crystals  separating  from  saturated  solutions  of  high- 
melting  salts,  such  as  barium  chloride,  sodium  nitrate,  potassium 
iodide.  The  authors  were  unable  to  confirm  the  hypothesis  that 
the  separation  of  such  crystals  is  preceded  by  that  of  liquid  glob- 
ules, although  a  globule  0.00 1  mm.  in  diameter  would  have  been 
detected.  They  studied  also  the  rate  of  growth  of  crystals  and 
found  that  the  cube  of  the  diameter  of  a  crystal  is  approximately 
proportional  to  the  time  elapsed  since  its  separation  from  the  so- 
lution ;  in  other  words,  that  equal  increments  of  time  correspond 
to  equal  increments  of  volume.  The  authors  state  this  law  with 
some  reserve,  however,  owing  to  the  approximate  character  of 
their  results  ;  but  there  is  no  doubt  that  the  increase  in  diameter 
is  extremely  rapid  in  the  early  stages  of  growth.  The  article  is 
illustrated  by  a  diagram  of  the  apparatus  and  by  fourteen  series 
of  photographs  of  growing  crystals. 

The  Boiiing-Point  Curve  for  Mixtures  of  Ethyl  Alcohol  and 
Water.  By  William  A.  Noyes  and  R.  R.  Warfel.  /.  Am. 
Chem,  Soc,y  23,  463-468. — Determinations  of  the  boiling-point 
under  the  atmospheric  pressure  were  made  throughout  the  whole 
range  of  concentration,  but  with  especial  care  for  mixtures  con- 
taining from  92  to  100  per  cent,  of  alcohol.  A  minimum  boiling- 
point  was  found  to  exist  at  78.174°  (0.126**  below  that  of  pure 
alcohol)  for  a  mixture  containing  96  per  cent,  of  alcohol  by  weight 
or  97.45  per  cent,  by  volume.  . 
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Vapor- Pressure  Relations  in  ilixtures  of  Two  Liquids,  III.  By 

A.  Ernest  Taylor.  /.  Phys.  Chem.,  4,  675-689. — This  paper 
is  a  discussion  of  the  experimental  results  previously  communi- 
cated {this  Rev.,  6,  146)  on  the  composition  of  the  vapor  given 
oflF  by  mixtures  of  acetone  and  water.  It  is  shown  that,  as  long 
as  the  liquid  does  not  consist  of  more  than  60  per  cent,  of  acetone, 
the  composition  of  the  vapor  agrees  within  1-2  per  cent,  of  the 
observed  values  when  calculated  by  the  formula  for  vapor  pres- 
sure lowering 


('^f=^) 


regarding  the  water  as  solvent ;  but  that  widely  divergent  results 
are  obtained  at  all  concentrations  when  the  same  calculation  is 
made  under  the  assumption  that  acetone  is  the  solvent.  This  is 
probably  due  to  the  fact  that  liquid  acetone  molecules  are  simple, 
while  those  of  water  are  associated.  Henry's  Law  does  not  hold 
for  either  component,  unless  associated  molecules  are  assumed 
for  it  ;  and  the  results  are  not  accurate  enough  to  make  possible 
a  satisfactory  testing  of  this  assumption. 

Minimum   Boiling-Points    and    Vapor    Composition.      By 

Morris  R.  Ebkrsole.  /.  Phys.  Chem.,  5,  239-255.— The  boil- 
ing-points of  mixtures  of  benzene  and  acetone  throughout  the 
whole  range  of  concentration  from  o  to  100  per  cent,  were  deter- 
mined, as  well  as  the  composition  of  the  vapor  distilling  from 
such  mixtures.  No  constant-boiling  mixture  exists.  In  order 
to  test  Bancroft's  hypothesis  that  two  components  whose  vapor- 
pressure  curves  intersect  at  any  temperature  always  give  rise  to  a 
mixture  with  a  maximum  or  minimum  boiling-point,  whatever 
may  be  the  pressure,  the  author  has  tabulated  all  the  pairs  of 
substances  whose  vapor-pressure  curves  are  known  to  intersect, 
and  finds  that  only  20  out  of  25  of  them  form  a  constant  boiling 
mixture  and  thus  conform  to  the  hypothesis.  The  pairs  of  sub- 
stances whose  vapor-pressure  curves  do  not  intersect  are  also 
tabulated,  and  certain  of  these  are  shown  to  form  mixtures  with 
a  maximum  or  minimum  boiling-point. 

Solvent  Action  of  Vapors.  By  A.  T.  Lincoln.  /.  Phys. 
Chem.,  4,  715-731. — It  is  found  that  the  distillates  under  atmos- 
pheric or  reduced  pressure  from  saturated  aqueous,  benzene,  and 
acetone  solutions  of  benzoic  and  salicylic  acids  do  not  contain 
more  of  these  acids  than  corresponds  to  their  partial  pressures, 
whence  it  is  concluded  that  the  vapors  have  no  appreciable  sol- 
vent action  upon  them.  The  same  is  true  of  ethyl  alcohol  solu- 
tion of  camphor  and  naphthalene.  Incidentally  the  vapor-pres- 
sures of  benzoic  and  salicylic  acids  were  determined  up  to  157° 
and  193°  respectively. 
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Rewtioa  Velocity  and  EqaiUbrian.  By  Wiu>er  D.  Ban- 
croft. /.  Pkys.  Ckem.,  4«  705-708.  In  this  paper  is  considered 
the  relatioa  between  the  expression  for  the  indodty  and  that  for 
the  eqnifibriinn  oi  a  reaction  taking  place  in  soccessiTe  stages. 

Dissociatioo  SCndies.  II.  By  Wiij>br  D.  Bancroft.  /. 
Pkys.  Chem.^  5,  182-192. — In  this  paper  are  dismsfgd  the  djUa 
aheady  existing  in  regard  to  thetiansfonnationsirfacetaklehyde, 
paraldehyde,  and  metaldehyde  into  one  another  under  the 
influence  of  catalytic  agents. 

Toxic  Action  of  Electrolytes  upon  Hshes.  By  Louis 
Kaht.knbbrg  and  Hugo  F.  Mbhl.  /.  Pkjs.  Cktm.^  5,  113- 
152.  Rock-bass,  shiners,  brook-trout,  and  perch  were  placed  in 
solutions  of  different  electrolytes  of  Yaiious  concentrations,  and 
the  time  required  to  cause  death  was  noted.  Hydrochkvic  and 
nitric  acids  were  found  to  be  equally  toxic,  while  sulphuric  acid 
had  to  be  of  nearly  twice  the  equivalent  concentration  to  produce 
the  same  effect.  Silver  nitrate  and  sulj^iate  were  equaUy  toxic, 
and  were  capable  of  {xodudng  death  quickly  even  at  a  very  slight 
concentration  (o.ooooi  normal).  Potassium  cyanide  and  mercuric 
chloride  were  also  highly  toxic.  On  the  other  hand,  even  o.oi 
normal  solutions  of  the  sulphates  of  copper,  nickel,  cadmium,  and 
zinc  had  only  a  slow  action,  and  magnesium  sulphate,  which  was 
investigated  in  normal  solution,  was  remarkably  inert. 

The  Theory  off  Elcctfolytic  Dissociation  as  Viewed  in  tte 
Liglit  off  Facts  Recently  Ascertained.     Bv  Louis  Kahlenbbrg 

ASSISTED  BY  ARTHUR  A.  KoCH  AND   ROY   D.    HaIJL.      /.    FkyS. 

Ckem,,  5,  339-392.  In  this  article  are  presented  new  conductiv- 
ity determinations  at  0°  and  95^,  between  the  concentrations  of 
fourfold  normal  (or  normal)  and  '  ,^  (or  '  ^^ )  normal,  of  19  com- 
mon salts  in  aqueous  solution,  together  with  the  boiling-point  rais- 
ing produced  by  all  these  salts,  and  the  freezing-point  lowering 
caused  by  many  of  them,  at  concentrations  extending  upwards 
from  o.  I  or  0.2  normal.  In  the  0.1-0.2  normal  solutions  the 
agreement  between  the  dissociation-values  calculated  from  the 
conductivity  and  those  from  the  freezing-point  is  satisfactory  in 
many  cases,  though  not  in  all.  In  the  strong  solutions  (1.0-2.0 
normal )  there  is  no  correspondence  between  them  ;  thus  for  the 
bivalent^metal  sulphates,  the  conductivities  indicate  20-26  per 
cent.,  the  freezing-points  no  dissodaticm  whatever.  Values  ^ill 
more  discordant  with  the  conductivity  are  derived  from  the 
boiling-point  determinations :  thus  the  halides  of  the  alkali  and 
alkaline-earth  metals  seem  to  be  more  than  completely  dissociated 
in  two-  to  fourfold  normal  solutions.  All  the  disagreements, 
which  the  author  regards  as  strong  arguments  against  the  Disso- 
ciation Theory,  are,  however,  based  on  the  highly  improbable 
assumption  that  the  freezing-point  lowering   or    boiling-point 
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raising  is  still  a  measure  of  the  molecular  weight  at  concentra- 
tions where  the  osmotic  pressure  is  20-100  atmospheres.  Other 
arguments  of  the  author  against  the  Dissociation  Theory  are  its 
failure  to  give  a  sufficiently  simple  explanation  of  certain  physi- 
ological results  (see  this  Rev,,  6,  73,  147,  157),  the  invalidity  of 
the  Mass  Action  Law,  the  exceptions  to  the  Nernst-Thomson 
rule  in  regard  to  dielectric  constants  and  dissociating  power,  and 
the  behavior  of  the  electrical  conductivity  of  non-aqueous  solu- 
tions. The  author's  view  seems  to  be  that  because  the  theory 
does  not  alone  explain  all  the  relevant  phenomena  of  all  kinds  of 
solutions,  it  is  unjustifiable  or  inadvisable  to  employ  it  at  all.  It 
is  scarcely  necessary  for  the  reviewer  to  add  that  the  theory  has 
received  far  too  many  approximately  quantitative  verifications 
to  be  overthrown  by  such  facts  as  are  cited  by  the  author. 

On  the  Heat  Evolved  when  Liquids  are  Brought  in  Contact 
with  Powders.  ByC.  E.  Linebarger.  Phys,  Rev,,  13,  48-54. 
— ^Two  grades  of  precipitated  silica,  ha\nng  particles  whose  aver- 
age diameters  were  nearly  in  the  ratio  2:1,  were  thoroughly  freed 
from  absorbed  gases  and  treated  within  a  calorimeter  with  five 
different  liquids.  The  heat  effect  per  gram  of  powder  is  inde- 
pendent of  the  quantity  of  liquid,  after  a  certain  minimum  quan- 
tity has  been  added.  It  was  found  nearly  twice  as  great  for  the 
particles  of  half  the  diameter  with  all  of  the  liquids  investigated, 
except  benzene.  The  heat  evolved  per  gram  of  silica  in  the  case 
of  the  sample  with  the  finest  particles  was  as  follows  :  13.80  cal. 
with  water,  12. 15  cal.  with  pyridine,  1 1.05  cal.  with  nitrobenzene, 
8.58  cal.  with  toluene,  and  4.09  cal.  with  benzene. 

The  Exact  Relation  between  Osmotic  Pressure  and  Vapor 
Pressure.  By  Arthur  A.  Noyes.  Phys,  Rev,,  12,  84-99.— 
The  author  shows  by  the  consideration  both  of  a  new  cyclical 
process  and  of  the  equilibrium  conditions  of  an  osmotic  column 
that  the  exact  thermodynamic  relation  between  the  osmotic  pres- 
sure (/\)  and  the  vapor-pressure  (^,)  of  a  solution  under  the 
pressure  of  its  own  vapor  is  given  by  the  equation 

Tvdp  =  (/>,  +A-A)  K.  ['  +  *  (-P.  +  A-A)>fe.]. 

in  which  p^,  V^,  and  k^  are  the  vapor-pressure,  specific  volume, 
and  compression-coefficient,  respectively,  of  the  solvent. .  Except 
for  high  concentrations,  the  term  containing  k^  can  be  neglected, 
and  ordinarily  p^—p^  is  entirely  negligible  in  comparison  with  /\  ; 
the  second  member  of  the  equation  then  becomes  simply  P^  V^, 
showing  that  the  approximate  osmotic  pressure  is  calculated  cor- 
rectly by  dividing  the  vapor- pressure  integral  by  the  specific  vol- 
ume of  the  solvent,  and  not,  as  has  generally  been  done  hereto- 
fore, by  dividing  it  by  the  volume-change  which  occurs  when  one 
gram  of  solvent  is  added  to  a  very  large  quantity  of  solution. 
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The  Formula  for  the  Depression  of  the  Freezing:  Tempera- 
ture of  Solutions.  By  William  Francis  Magie.  Phys,  Rev. , 
12,  240-244. — The  author  derives,  by  the  consideration  of  a  re- 
versible cyclical  process  and  application  of  the  energy  and  entropy 
equations  to  it,  a  relation  between  osmotic  pressure,  freezing-point 
lowering,  heat  of  fusion,  and  specific  heats,  which,  aside  from 
certain  enumerated  and  unimportant  approximations  involved,  he 
regards  as  an  exact  one.  The  reviewer  would,  however,  call  at- 
tention to  the  fact  that  it  is  inaccurate  in  so  far  as  the  neglect  of 
the  effects  connected  with  the  compression  of  the  solution  intro- 
duces an  error,  and  that  the  osmotic  pressure  involved  is  that  of 
the  compressed  solution,  not  that  of  one  standing  under  its  own 
pressure  (see  Phys.  Rev.,  12,  84).  The  author  discusses  the  dif- 
ferences between  his  formula  and  the  ordinary  approximate  one 
of  van 't  Hoff,  and  concludes  that  the  direct  proportionality  re- 
quired by  the  latter  between  osmotic  pressure  and  freezing-point 
lowering  is,  in  the  case  of  aqueous  solutions  of  even  normal  con- 
centration, closer  than  the  accuracy  of  the  experimental  determi- 
nations of  the  freezing-point  requires. 

The  Dissociating  Power  of  Different  Solvents.  A  Summary. 

By  Harry  C.  Jones.  Am.  Chem.  /.,  25,  232-249. — This  article 
contains  no  original  experiments,  but  is  a  comprehensive  review 
of  the  subject,  accompanied  by  numerous  references  to  the  origi- 
nal papers. 

Becquerel  Rays,  a  Resume. ,  By  Oscar  M.  Stewart.  Phys. 
Rev.,  II,  155-175. — This  article  is  recommended  to  the  attention 
of  those  who  desire  a  full  and  connected  account  of  the  recent 
work  on  the  subject  of  the  title. 

1.  Qibbs*  Thermodynamical  Model.  II.  Qibbs'  Thermody- 
namical  Modelfora  Substance  Following  van  der  Walls*  Equa- 
tion. By  W.  p.  Boynton.  Phys.  Rev.,  10,  228-233;  11,  291- 
303. — In  the  first  article  the  author  calls  attention  to  certain  dif- 
ficulties which  he  has  met  with  in  the  construction  of  a  model 
which  will  fully  represent  the  properties  of  actual  bodies.  In 
the  second,  the  equation  of  the  model  is  deduced  in  terms  of  the 
reduced  volume,  energy,  and  entropy  which  serve  as  the  coordi- 
nates of  the  stuiace.  Computations  are  made  for  the  case  of  a 
triatomic  gas  like  water  or  carbon  dioxide,  and  the  resulting 
model  is  discussed. 

A  New  Conception  of  Thermal  Pressure  and  a  Theory  of 
Solutions.  By  Gilbert  Newton  Lewis.  Proc.  Am.  Acad., 
36,  145-168. — The  author  first  shows  thermodynamically  the  ap- 

V 

plicability  of  Poyn ting's  equation,  dP^  =^  —^dP,,  to  all  cases  in 
which  any  two  phases,  whether  solid,  liquid,  or  gaseous,  of  a  single 
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component  are  in  true  equilibrium  with  each  other  ;  in  this  equa- 
tion dP^  is  the  change  of  pressure  upon  one  phase,  dP^  is  the 
change  of  pressure  on  the  other  phase  necessary  to  restore 
equilibrium,  and  v^  and  v^  are  the  specific  or  molecular  volumes 
of  the  two  phases  respectively.  For  example,  if  at  o®  the  pres- 
sure upon  ice  is  increased  by  one  atmosphere,  that  upon  watev 
must  be  increased  by  1.09  atmospheres,  if  it  is  to  remain  in  equi- 
librium with  the  ice  at  that  temperature;  for  the  specific  volumes 
of  the  two  are  as  1.09  :  i.  If  one  of  the  phases  is  a  vapor  that 
obeys  the  laws  of  a  perfect  gas  v^  =  PT:P^,  and  the  above  equa- 
tion becomes  -^  =  p^  *    ,  which  expresses  the  remarkable  re- 

P^        KI  \v^ 

suit  that  the  fractional  increase  of  vapor-pressure  is  equal  to  the 
ratio  of  the  increase  of  pressure  upon  the  liquid  or  solid  phase  to 
the  pressure  which  that  phase  would  exert  if  its  pressure  were 
calculated  from  its  molecular  volume  and  temperature  by  the  laws 
of  Boyle  and  Gay-Lussac.  This  last  hypothetical  pressure  the 
author  designates  thermal  pressure  ;  for  he  assumes  that  it  (in- 
stead of  >^  mu,)  is  the  true  measure  of  temperature,  and  that  it 
represents  the  pressure  in  the  interior  of  a  body  on  either  side  of 
an  imaginary  plane  of  unit  area,  and  is  equal  \.onmu  where  n 
is  the  number  of  molecules  passing  in  one  second  through  that 
area.  With  the  help  of  these  assumptions,  the  laws  of  vapor- 
pressure  lowering  and  of  osmotic  pressure  are  deduced.  In  the 
closing  part  of  the  paper,  the  relation  of  the  theory  to  the  equa- 
tion of  van  der  Waals'  is  considered. 

Suggestion  Regarding  the  Nomenclature  of  Heat  Capacity. 

By  Thbodore  W11.LIAM  Richards.  Proc.  Am,  Acad,,  36,  327- 
329. — The  author  suggests  the  adoption  of  a  unit  of  heat  capacity, 
to  be  designated  the  mayer  and  to  be  defined  as  the  heat  capacity 
possessed  by  any  body  which  is  heated  i  °  by  one  joule  of  heat 
energy.  He  considers  that  the  adoption  of  this  unit  will  facili- 
tate the  replacement  of  the  calorie  by  the  joule,  and  will  assist 
students  in  discriminating  between  heat  energy  and  heat  capacity. 
He  shows  that  the  unit  has  a  convenient  magnitude. 

The  Possible  Significance  of  Clianging  Atomic  Volume.     By 

Theodore  William  Richards.  Prac,  Am,  Acad,,  37,  3-17. — 
The  author  considers  that  the  ratio  {^P')  of  the  heat  (Cdl)  im- 
parted to  a  body  to  the  change  in  volume  {dv)  produced  by  it 
represents  the  resultant  inward  tendency  which  opposes  expansion 
by  heat  and  other  causes,  and  suggests  that  this  is  an  approxi- 
mate measure  of  the  affinity  of  the  particles  for  one  another. 
Similarly,  the  increases  of  volume  which  a  series  of  metals  un- 
dergo when  a  definite  other  element  (for  example,  oxygen  or 
chlorine)  combines  with  them  are  an  indication  of  the  relative 
chemical  affinities  involved,  provided  allowance  be  made  for  the 
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different  degrees  of  compressibility  of  the  metals  themselves.  A 
number  of  concrete  illustrations  are  cited.  In  closing,  the  author 
contends  that  the  atomic  hypothesis  should  be  so  modified  as  to 
take  into  account  the  compressible  environments  (the  atomic 
shell)  around  the  centers  of  gravity  and  of  afiinity. 

The  Two  Specific  Heats  of  Oases.  By  W.  P.  Boynton.  Phys, 
Rev,,  12,  353-358. — ^The  author  deduces  the  corrections  to  be  ap- 
plied in  calculating  from  the  gas  constant,  from  the  velocity  of 
sound)  or  from  an  adiabatic  expansion,  the  specific  heat  ratio  of 
an  imperfect  gas  which  conforms  to  van  der  Waals*  equation. 

Catalysis  and  Chemical  Energy.  By  Oscar  Loew.  /.  Phys. 
Chem.^  4,  657-659. — The  author  assumes  that  the  action  of  many 
catalytic  agents  is  due  to  the  presence  in  them  of  labile  atoms  or 
groups  which  undergo  violent  oscillations  under  the  influence  of 
the  heat  energy  of  the  surroundings,  and  thereby  loosen  the 
affinities  of  other  compounds. 

1.  On  tlie  Equilibrium  of  Cliemical  Systems.  11.  On  a 
Theorem  of  van  der  Waals*.  ill.  The  Fundamental  Equation 
of  a  Multiple  Point.  IV.  On  a  Property  of  the  Pressure 
Volume  Diagram.  V.  On  Clapeyron's  Equation.  VI.  On  a 
Theorem  of  Le  Chatelier.  VII.  On  a  Theorem  of  Roozeboom. 
VIII.  On  the  Qeneralization  of  Clapeyron's  Equation.  IX.  On 
the  Phase  Rule.  By  Paul  Saurel.  /.  Phys.  Chem,,  5,  21-65, 
137-140,  170-178,  179-181,  256-258,  277-280,281-283,  393-400* 
401-403.  On  the  Liquefaction  of  a  ilixture  of  Two  Gases. 
Composition  of  the  Liquid  and  of  the  Vapor.  By  P.  Duhbm. 
/.  Phys.  Chem.,  5,  91-112.  A  Class  of  Relations  between  Ther- 
mal and  Dynamic  Coefficients.  By  George  H.  Burrows.  /. 
Phys.  Chem.,  5,  233-238.  Note  on  the  Fundamental  Equations 
of  riultiple  Points.  By  J.  E.  Trevor.  /.  Phys.  Chem.,  5, 
259-260.  — These  are  all  purely  mathematical  papers  dealing  with 
various  principles  of  physico-chemical  equilibrium. 

The  Preparation  of  Osmotic  flembranes  by  Electrolysis.     By 

H.  N.  Morse  and  D.  W.  Horn.  Am.  Chem.  /.,  26,  80-86. — 
In  this  preliminary  notice  the  following  method  of  preparing  an 
osmotic  membrane  is  described :  A  porous  battery  cup  is  first 
freed  from  air  by  filling  it  with  a  0.05  per  cent,  potassium  sul- 
phate solution,  placing  it  in  a  beaker  containing  the  same  solu- 
tion, and  passing  an  electric  current  into  the  cup  until  300  cc.  of 
liquid  have  entered  it,  as  a  result  of  endosmose.  The  cup  is  then 
provided  with  a  platinum  electrode  and  placed  in  another  beaker 
containing  a  cylindrical  copper  electrode.  After  both  electrodes 
are  connected  with  a  dynamo,  a  o.  i  normal  copper  sulphate  solu- 
tion and  a  o.  I  normal  potassium  ferrocyanide  solution  are  poured 
simultaneously  into  the  beaker  and  porous  cup,  respectively.   The 


General  and  Physical  Chemistry.  159 

electrolysis  is  continued  until  the  cup  exhibits  a  high  resistance. 
These  membranes  were  tested  by  filling  the  cups  with  sugar  solution 
and  connecting  them  with  open  vertical  tubes  or  with  closed  mer- 
cury manometers  ;  they  withstood  a  pressure  of  4.5  atmospheres, 
but  have  not  been  tested  beyond  that  point  owing  to  mechanical 
difficulties  in  making  a  tight  union  between  the  cup  and  manom- 
eter. Moreover,  they  have  not  yet  been  employed  for  osmotic 
pressure  measurements. 

An  Electrically  Heated  and  Electrically  Controlled  Thermo- 
stat. By  S.  W.  Young.  /.  Am.  Chem.  Soc,  a3,  327-330. — ^The 
bath  is  heated  by  incandescent  lamps  beneath,  through  which  the 
main  current  passes  after  having  traversed  a  telegraphic  sounder 
in  which  the  circuit  is  made  and  broken  by  an  auxiliary  battery 
current  controlled  by  the  regulator.  The  regulator  consists  of  a 
cylindrical  glass  bulb,  filled  with  mercury,  with  a  capillary  stem 
above,  into  which  the  mercury  expands  on  heating,  thereby  mak- 
ing contact  with  an  inserted  wire.  The  bulb  has  a  verticsd  side- 
arm  fitted  with  a  mercury- tight  cork  piston,  which  can  be  raised 
or  lowered  so  as  to  adjust  the  regulator  to  any  desired  tempera- 
ture. 

An  Automatic  Temperature  Regulator.  By  Chari^bs  T. 
Knipp.  Phys.  Jlev.,  12,  47-49.— The  motion  of  two  pivoted  cop- 
per-iron thermostats,  after  being  multiplied  by  a  system  of  levers, 
causes  a  make  or  break  between  platinum  terminals  in  an  electric 
circuit  containing  a  relay,  which  opens  or  closes  the  main  circuit 
which  heats  the  bath.  Temperatures  from  2o°-38o°  can  be  kept 
constant  by  it  within  0.5°. 

Note  on  Bunsen's  Ice  Calorimeter.  By  J.  W.  Mellor.  /. 
Phys.  Chem.,  4,  135-136. — A  description  and  diagram  are  given 
of  a  simple  device  for  removing  the  dissolved  air  while  filling  the 
outer  chamber  of  the  ice  calorimeter. 

Note  on  Some  Modified  Forms  of  Physico-Chemical  ileasur- 
ing  Apparatus.  By  Allerton  S.  Cushman.  /.  Am.  Chem. 
Soc,  23,  482-485. — The  Arrhenius  resistance  cell  is  modified  by 
holding  the  glass  tubes  carrying  the  electrodes  in  place  by  means 
of  brass  set-screws  tipped  with  ebonite  which  enter  horizontally 
through  the  edge  of  the  (heavy)  ebonite  cover.  While  the  elec- 
trodes are  thereby  held  very  firmly  in  place,  they  can  be  readily 
adjusted  at  any  desired  distance.  The  author  modifies  the  Ost- 
wald  burette-calibrator  by  substituting  a  graduated  scale  for  the 
single  2  cc.  mark  on  the  upper  stem  ;  and  draws  off  always  just  2 
cc,  read  on  the  burette,  and  notes  the  reading  on  the  pipette. 

On  the  Velocity  of  Chemical  Reactions.  By  William  Duane. 
Am.  J.  Sci.  ,161,  349-356. — ^Two  forms  of  apparatus  are  described 
for  measuring  the  rate  of  chemical  reactions.       In  one  of  these  a 
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beam  of  light  focused  by  a  lens  is  passed  through  a  prismatic  tube 
divided  diagonally  into  two  wedge-shaped  compartments ;  one 
contains  the  reacting  mixture,  and  the  other,  in  order  to  reduce 
the  dispersion,  is  filled  with  the  same  solution  which  has  already 
undergone  the  reaction.  Owing  to  the  change  in  index  of  re- 
fraction the  beam  is  deflected  from  its  original  position  as  the 
reaction  progresses,  and  its  position  is  continuously  photographed 
upon  a  plate  placed  at  the  focus  and  moved  by  clock-work.  No 
provision  is  made  for  keeping  the  temperature  constant.  In  the 
second  form  of  apparatus  the  reacting  mixture  is  placed  in  a 
spiral  glass  tube,  and  its  change  of  volume  is  measured  by  the 
displacement  of  a  mercury  thread  in  a  capillary  tube  attached  to 
the  spiral.  The  velocity-constants  obtained  for  the  sugar  inver- 
sion with  both  forms  of  apparatus  are  very  unsatisfactory. 

An  Elfictent  Boyle's-Law  Apparatus.  By  W.  J.  Humphrbvs. 
Phys,  Rev.,  lo,  123-125.  Apparatus  for  Demonstrating  Boyle's 
Law.  By  F.  J.  Rogers.  Phys,  Rev.,  11,  112-114.  The  Veri- 
fication of  Boyle's  Law.  By  N.  H.  Wii^wams.  Pkys.  Rev., 
II,  255-256.  An  Apparatus  for  the  Determination  of  the  Coef- 
ficient of  Expansion  of  Air  at  Constant  Pressure.  By  C.  F. 
Adams.  Phys.  Rev.,  10,  178-179. — These  four  articles  describe 
simple  forms  of  apparatus  which  are  intended  for  the  laboratory 
instruction  of  students. 
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On  Dehydromucic  Acid.  By  Henry  B.  Hill.  Am.  Chem.  J. , 
^5»  439-445- — ^The  author  gives  an  outline  of  the  results  of  the 
work  described  in  two  articles  which  follow,  and  are  here  re- 
viewed below. 

On  Dehydromucic  Acid  and  Certain  of  its  Derivatives.    By 

Isaac  K.  Phelps  and  William  J.  Hale.  Am.  Chem.  J.,  25, 
445-463. — ^The  methods  of  preparation  of  dehydromucic  acid  were 
carefully  studied,  and,  as  a  result,  a  modification  of  the  best 
method  is  proposed,  which  gives  very  satisfactory  results.  The 
largest  yield  of  the  acid  was  obtained  when  acid  potassium 
saccharate  was  boiled  for  sixteen  hours  with  hydrobromic 
acid  of  the  specific  gravity  1.565.  In  this  way  40  grams  of 
the  salt  gave  13.85  grams  dehydromucic  acid.  An  attempt  was 
made  to  prepare  the  acid  by  the  method  of  Schmidt  and  Cobenzl, 
who  state  that  the  potassium  salt  of  the  acid  could  be  made  by 
the  dehydration  of  potassium  mucate  at  a  high  temperature,  in 
an  atmosphere  of  hydrogen.  The  salt  prepared  in  this  way 
proved  not  to  be  the  compound  expected.  The  method  and 
properties  of  the  following-named  substances  are  given  fully 
Dehydromucic  acid,  and  its  barium  and  calcium  salts,  the  mono- 
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methyl  (m.  p.  2oi°-202®)  and  monoethyl  (m.  p.  148^-149°) 
esters,  the  amide  (m.  p.  280^-281°),  dianilide  (m.  p.  227^-228°) 
and  the  anhydride  of  the  acid.  When  the  dehydrated  acid  was 
heated  with  acetic  anhydride,  it  was  converted  into  dehydromucic- 
diacetic  anhydride,  CjoHgO,,  which  decomposed  rapidly  at  150®. 
Potassium  dehydromucate,  in  the  presence  of  an  excess  of  potassium 
carbonate,  is  converted  by  bromine  into  dibromfurfuran  tetrabro- 
mide  \m.  p.  1 12^).  Iodine  also  reacts  with  the  salt  and  at  100^ 
diiodofurfuran  (m.  p.  47°)  is  formed.  «flf'-Dibenzoylfurfuran 
(m.  p.  107^)  was  readily  prepared  by  the  action  of  aluminum 
chloride  on  a  solution  of  dehydromucyl  chloride  in  benzene.  No 
well-defined  products  could  be  obtained  by  the  action  of  reducing 
agents  on  the  ketone.  Aqueous  bromine  at  140**  converted  it 
into  dibrommaleic  and  the  three  brombenzoic  acids.  The  ketone 
was  converted  into  aa'-dibenzoylfurfuran  diphenylhydrazone 
(m.  p.  i55°-i56°).  The  dioxime  of  the  ketone  was  separated 
into  two  isomers  by  making  use  of  the  hydroljrtic  dissociation  of 
the  sodium  salts  of  the  oxime.  The  ^-dioxime  melts  at  213^- 
214®  and  the  y^-variety  at  243^-245°. 

On  the  Reduction  of  Dehydromucic  Acid.  By  Hbnry  6. 
Hill  AND  Alvin  S.  Wheeler.  Am.  Ckem.  /.,  25,  463-485. 
— ^The  authors  have  studied  carefully  the  reduction  of  dehydro- 
mucic acid,  and  have  cleared  up  this  reaction  which  has  given 
different  results  in  the  hands  of  different  observers.  When  the 
acid  is  reduced  at  o^  by  means  of  sodium  amalgam,  and  care  is 
taken  to  prevent  the  accumulation  of  sodium  hydroxide,  the 
product  is  almost  wholly  a-  dihydrof urf uran-flf«'-dicarboxylic  acid. 
When  the  reduction  takes  place  at  ordinary  temperatures,  how- 
ever, the  chief  product  is  the  so-called  /J-acid.  This  acid  is  con- 
verted by  boiling  with  sodium  hydroxide  into  a  new  compound 
which  is  called  the  >^-acid.  As  a  result  of  a  study  of  the  reactions 
and  properties  of  these  acids,  the  conclusion  is  drawn  that  the 
ar-acid — ^the  first  product  of  the  reduction — has  the  structure  rep- 
resented by  formula  I. 

H     H  H,   H 

C— C— CO,H  C— C— CO,H 

II      >o  I       >o 

C  — C— CO,H  C  =C— CO,H 

H     H  H 

I.  II. 

This  configuration  contains  two  asymmetric  carbon  atoms  and 
should  give  an  inactive  (cis)  form  and  two  optically  active  (cis- 
trans)  forms.  The  ar-acid  is  the  cis  form.  The  /?-acid  has  the 
same  structure  but  is  a  combination  of  the  two  active  cis-trans 
forms.  The  >^-acid  has  the  structure  of  formula  II,  and  is  made 
up  of  the  two  possible  active  forms.  By  the  prolonged  action  of 
sodium  amalgam  the  ;^-acid  is  converted  into  the  corresponding 
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tetrahydrofurfuran  dicarboxylic  acid,  while  the  a-  and  )0-acids 
can  not  be  further  reduced.  These  facts  are  evidence  of  the  cor- 
rectness of  the  formulae  proposed,  for  it  has  been  shown  by 
V.  Baeyer  that  in  the  case  of  analogous  acids,  hydrogen  is  added, 
under  these  conditions,  to  doubly  linked  carbon  atoms  only  when 
the  double  bond  is  adjacent  to  a  carboxyl  group.  The  three  acids 
readily  add  bromine.  The  a-  and  /9-dibromides  are  decomposed 
in  alkaline  solution  in  the  cold  with  the  elimination  of  carbon  di- 
oxide, and  the  almost  quantitative  formation  of  pyromucic  acid. 
Under  the  same  conditions  the  ;^-acid  loses  carbon  dioxide,  but 
no  pyromucic  acid  is  formed.  Preliminary  experiments  have 
shown  that  the  >9-acid  gives  two  cinchonine  salts  of  different  sol- 
ubilities, and  that  the  acids  prepared  from  these  salts  are  optically 
active  with  opposite  rotations.  The  ^'-acid  has  also  been  resolved 
into  optically  active  isomers.  In  addition  to  a  full  description  of 
the  compounds  mentioned  above,  the  barium,  silver,  lead,  and  cal- 
cium salts  of  the  a-  and  /^-acidsare  adequately  described.  Chlo- 
rine does  not  give  with  the  adds  addition-products  as  bromine 
does.  In  aqueous  solution  chlorine  converts  the  a-  and  )3-acids  into 
the  corresponding  chlorhydroxy  tetrahydrofurfuran-  aa'-dicar- 
boxylic  acids. 

The  Constitution  of  tlie  Oxyazo  Compounds.  By  Wii^liam 
McPhbrson  and  Herbert  C.  Gore.  Am.  Chem.  /.,  25,  484- 
496. — In  continuing  the  study  of  the  structure  of  oxyazo  com- 
pounds, the  authors  have  investigated  the  action  of  unsymmetri- 
cal  benzoyl-ar-naphthylhydrazine  on  certain  paraquinones.  The 
results  are  in  accord  with  an  earlier  investigation  {^Am.  Chem.  /., 
22,  364),  and  show  that  the  acyl  derivatives  of  the /-oxyazo  com- 
pounds, formed  by  the  interaction  of  a-naphthyldiazonium  chlo- 
ride on  phenol,  ^-cresol,  and  thymol,  respectively,  contain  the 
acyl  group  joined  to  oxygen,  and,  hence,  are  true  oxyazo  com- 
pounds. a-Benzoyl-ornaphthylhydrazine  (m.  p.  98°)  was  pre- 
pared from  /?-acetylnaphthylhydrazine  by  first  converting  the 
latter  substance  into  or-benzoyl-y^-acetyl-n'-naphthylhydrazine  (m. 
p.  184^)  by  heating  with  benzoyl  chloride  and  then  eliminating 
the  acetyl  group  by  boiling  with  dilute  sulphuric  acid.  With 
benzoquinone  this  hydrazine  derivative  yields  quinonebenzoyl-a- 
naphthylhydrazine  (m.  p.  113.5°),  which  is  converted  by  saponi- 
fication into  tt-naphthaleneazophenol  (m.  p.  136°).  This  latter 
compound  was  also  prepared  by  the  action  of  a-naphthyldiazo- 
nium  chloride  on  phenol,  and  was  converted  into  a  benzoyl  de- 
rivative (m.  p.  120°).  By  the  action  of  benzoylnaphthylhydra- 
zine  on  toluquinone  and  thymol  analogous  compounds  were  pre- 
pared, which  were  studied  in  the  way  used  with  the  benzoqui- 
none derivative. 

Action  of  Plienoison  Etliyiic  Oxalate.  Bv  J.  Bishop  Tingle 
AND  lyEO  O' Byrne.     Am.  Chem.  J.,  25,  496-501.— The  authors 
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find  that  certain  phenols  form  condensation-products  with  ethyl 
oxalate.  The  compounds,  which  were  not  analyzed,  will  be  studied 
further. 

Certain   Derivatives  of  Metadibromdinitrofyenzene.     By  C. 

LoRiNG  Jackson  and  W.  P.  Cohoe.  Am,  Chem,J.,  26,  1-9.— 
The  structure  of  the  dibromdinitrobenzene  melting  at  11 7. 4®  was 
shown  to  be  C,H,Br,i,3(NO,),4,6,  by  heating  it  with  aniline, 
when  it  was  converted  into  a  dianilidodinitrobenzene  of  known 
structure.  In  the  cold  but  one  bromine  atom  was  removed  and 
bromanilidodinitrobenzene  (m.  p.  157®)  was  formed.  This  sub- 
stance occurs  in  a  yellow  and  a  red  modification  which  seem  to 
differ  in  crystalline  form.  The  two  former  can  be  converted  one 
into  the  other.  Sodium  phenylate  converted  the  dibromdinitro- 
benzene into  diphenoxydinitrobenzene  (m.  p.  129®)  which,  in 
turn,  was  converted  by  sodium  malonic  ester  into  a  compound  in 
which  a  phenoxy  group  was  replaced  by  the  malonic  ester  group. 
The  dibromdinitrobenzene,  when  reduced  with  zinc  dust  and  acetic 
acid,  gave  a  dibrom-m-phenylenediamine  identical  with  the  com- 
pound obtained  by  treating  i»-phenylene  diacetamide  with  bro- 
mine.    It  follows  that  the  base  has  the  structure  : 

C.H,Br,i,3(NH,)^,6. 

On  Certain    Derivatives    of    Ortliobenzoquinone.       By  C. 

IrORiNG  Jackson  and  Waldemar  Koch.  Am,  Chem.  /.,  26, 
10-46. — Previous  attempts  to  prepare  <7-benzoquinone  have  been 
unsuccessful,  because  the  compound  is  so  unstable  that  it  cannot 
exist  in  the  presence  of  oxidizing  agents.  The  authors  have  suc- 
ceeded, however,  in  obtaining  the  substance  in  solution  by  pre- 
paring it  by  the  treatment  of  the  lead  salt  of  pyrocatechin  with 
iodine  in  chloroform  solution.  The  preparation  of  quinone  from 
hydroquinone  in  an  analogous  way  showed  that  this  new  method 
was  a  good  one.  Prom  the  garnet-red  solution  the  orthoquinone 
could  not  be  isolated,  but  its  presence  was  shown  by  the  reac- 
tions of  the  dissolved  substance  with  a  number  of  reagents.  With 
hydrochloric  acid,  pyrocatechin  and  its  monochlor  derivative  were 
formed.  Reducing  agents  produced  pyrocatechin.  Bromine  ' 
formed  tetrabrompyrocatechin.  With  beuzenesulphinic  acid 
there  resulted  an  o-dioxydiphenylsulphone  (m.  p.  153°),  iso- 
meric with  the  compound  prepared  by  Hinsberg  and  Himmel- 
schein  by  oxidizing  pyrocatechin  in  the  presence  of  beuzenesul- 
phinic acid.  With  aniline  the  chloroform  solution  of  the  ^-qui- 
none gave  a  dianilidoquinoneanil,  C.HjCCgHjNHDjOCCjHjN), 
which  melted  at  203®  and  proved  to  be  identical  with  the  sub- 
stance prepared  from  ^-quinone,  aniline,  and  acetic  acid.  The 
compound  has,  therefore,  the  substituting  groups  in  the  para 
position.  The  probable  cause  of  the  reaction  by  which  the  com- 
pound is  formed  from  an  ortho  compound  is  given,  and  reference 
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is  made  to  analogous  transformations.  The  solution  of  the  ^-qui- 
none,  when  treated  with  <c?-phenylenediamine,  did  not  yield  a 
phenazine,  but  the  reaction  seemed  to  consist  simply  in  the  oxida- 
tion of  the  diamine.  On  standing,  the  solution  of  the  ^-quinone 
deposited  a  black  amorphous  substance,  which  proved  to  be  iden- 
tical with  the  substances  prepared  in  an  earlier  investigation  by 
the  action  of  electrolytic  oxygen  on  pyrocatechin.  From  a  study 
of  this  compound  the  conclusion  is  drawn  that  it  has  the  struc- 
ture represented  by  the  formula  0,(HO)C«H, — C.H,(OH),,  in 
which  two  of  the  hydroxyl  groups  are  in  the  ortho  position  to 
each  other.  That  the  compound  is  a  diphenyl  derivative  and 
not  a  pyrocatechin  ether,  was  shown  by  the  action  of  reducing 
agents,  which  did  not  convert  it  into  pyrocatechin — a  reaction 
which  would  have  taken  place  if  the  two  phenyl  groups  had  been 
united  by  oxygen  atoms.  The  presence  of  three  hydroxyl  groups 
was  shown  by  making  a  tribenzoyl  derivative,  and  the  ketonic 
oxygen  was  indicated  by  the  formation  of  substances  containing 
nitrogen  when  the  original  compound  or  its  benzoic  ester  were 
treated  with  phenylhydrazine.  All  the  substances  were  amor- 
phous and  infusible.  Tetrabrom-^-quinone  was  studied  carefully. 
When  treated  with  tetrabrompyrocatechin  the  following  reaction 
took  place : 

C,Br,(OH),  +  C.BrA  =  C„Br.O,  +  2HBr. 

The  resulting  compound ,  which  was  bright  red  in  color,  was  shown 
to  have  the  structure  C,Br^ :  O, :  CgBrjOj,  (hexabrom-(?-quinopyro- 
catechin  ether)  by  subjecting  it  to  reduction  when,  by  an  indi- 
rect method,  the  substance  was  converted  quantitatively  into  pyro- 
catechin. This  result  excluded  the  possibility  that  the  compound 
was  a  diphenyl  derivative.  In  the  reduction  of  this  quinone 
ether,  an  intermediate  brown  product  was  formed  which  was 
shown  to  be  the  corresponding  pyrocatechin  of  the  formula 
C,Br^  :0, :  CeBr,(OH),.  A  reaction  similar  to  the  above  took 
place  between  tribromresorcin  and  tetrabrom-(?-quinone,  and  a 
compound  (m.  p  217°)  of  the  formula  ,(C„HBr,OHO),C,Br,0, 
was  the  result.  When  tetrabrom-^- quinone  is  evaporated  to  dry- 
ness with  glacial  acetic  acid,  the  greater  part  of  the  quinone  is 
converted  into  a  white  crystalline  substance,  melting  at  230®,  the 
analysis  of  which  led  to  the  formula  Ci^H^BrgOg  or  Cj^BrgO^.  The 
formula  containing  hydrogen  is  adopted  provisionally  by  the  au- 
thors. The  properties  of  the  new  compounds  prepared  in  the  in- 
vestigation are  described  in  detail. 

On  the  Action  of  Sodic  Sulphite  on  Tribromdinitrobenzol 
and  Tribromtrinitroi>enzol.  By  C.  Loring  Jackson  and 
Richard  B.  Earle.  Am,  Chem,  /.,  26, 46-55. — When  an  alco- 
holic solution  of  tribromdinitrobenzene  (Br,i,3.5(NO,),2,4)  is 
boiled  with  sodium  sulphite  the  bromine  atom  between  the  two 
nitro  groups  is  replaced  by  hydrogen.     Tribromtrinitrobenzene 
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undergoes  a  similar  reduction  and  a  new  dibromtrinitrobenzene 
(Br,i,3(NO,)32,4,6)  is  formed,  which  melts  at  135®.  In  the  hope 
of  finding  an  easier  method  of  making  this  compound,  the  action 
of  a  mixture  of  nitric  and  sulphuric  acids  on  dibromdinitroben- 
zene  was  studied.  The  desired  compound  was  obtained,  but 
mixed,  however,  with  a  large  proportion  of  a  tribromdinitroben- 
zene,  which  proved  to  be  a  new  compound  having  the  structure 
(Brji,2,3(NO,)^,6).  The  dibromtrinitrobenzene  gave  styphnic 
diethyl  ether  when  treated  with  sodium  ethylate.  With  the  same 
reagent  the  tribromdinitrobenzene  gave  a  new  bromdinitroresor- 
cin  monoethyl  ether,  which  melted  at  78®. 

Symmetrical  Tri-iodbenzol.  By  C.  I^oring  Jackson  and 
G.  E.  Behr.  Am,  Chem^J,,  26,  55-61.— Symmetrical  tri-iod- 
benzene  (m.  p.  181)  was  prepared  from  tri-iodoaniline  by  means 
of  the  diazo  reaction.  The  substance  proved  to  be  identical  with 
the  compound  which  was  prepared  by  Istrati  by  heating  together 
benzene,  iodine,  and  sulphuric  add.  The  structure  of  the  com- 
pound was  proved  by  converting  it  into  a  dinitro  derivative, 
which  with  aniline  yielded  symmetrical  trianilido-dinitrobenzene. 

The    Constitution    of    Qailein  and    Coerulein.     By  W.  R. 

Orndorff  AND  C.  E.  Brbwkr.  Am.  Chem,J,,^^  97-159. — 
The  authors  have  reviewed  with  great  care  the  work  on  gallein 
and  coerulein,  and  have  discovered  facts  that  lead  to  new  formu- 
las for  these  substances.  The  composition  of  the  acetyl  deriva- 
tives of  these  compounds  has  not  been  firmly  established  hereto- 
fore, as  analyses  for  carbon  and  hydrogen  do  not  serve  to  settle 
this  point.  Definite  conclusions,  which  in  some  cases  are  diflFer- 
ent  from  those  put  forward  by  earlier  investigation,  have  been 
obtained  by  saponifying  the  esters  and  determining  the  amount  of 
acetic  acid  produced.  The  melting-points  of  the  carefully  purified 
compounds  do  not  in  all  cases  agree  with  those  reported  by  others. 
A  number  of  new  compounds  have  been  prepared,  whiph  proved 
of  value  in  determining  the  structure  of  the  compounds  under  in- 
vestigation. The  work  has  established  a  number  of  important 
facts.  The  only  product  formed  by  the  reduction  of  gallein  by 
zinc  dust  in  acid  or  alkaline  solution  is  gallin.  Gallein  forms 
monoesters,  showing  that  it  contains  one  carboxyl  group,  and 
unites  with  three  molecules  of  phenyl  isocyanate,  which  proves 
that  it  contains  three  phenolic  hydroxyl  groups.  Two  classes  of 
tetra-alkyl  ethers,  colored  and  colorless,  are  derivable  from  gal- 
lein, indicating  that  it  reacts  in  tautomeric  modifications.  The 
compound  forms  a  colorless  tetracetate,  trialkyl  derivatives  which 
resemble  phenolphthalein,  and  a  colorless  trimethyl  monacetate. 
The  preparation  of  a  pentamethyl  ether,  a  tetracetate,  and  a  sil- 
ver salt  of  the  tetracetate  of  gallin  furnished  evidence  of  the 
structure  of  gallin.     Coerulein  forms  a  triacetate,  a  pentacetate. 
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two  monomethyl  ethers,  and  a  methyl  ether  insoluble  in  alkalies. 
From  a  consideration  of  the  facts  enumerated  above  the  conclu- 
sion is  drawn  that  the  structure  of  gallein  is  represented  by  the 
formula 

COOH     II 
O 

The  fact  that  gallein  and  a  number  of  its  esters  are  colored  is 
probably  the  result  of  the  quinoid  structure.  The  colorless  de- 
rivatives of  gallein  are  supposed  to  be  derivatives  of  the  tauto- 
meric form 

X.H,(OH),v 
C,H,C<;  >0. 

I       I  \C.H,(0H) / 

co-o 

The  structure  which  is  assigned  to  gallin,  on  account  of  its  re- 
lation to  gallein,  is  the  following : 

X,H,(OH),v 
C,H,.CH<  >0. 

I  X:.H,(OH)/ 

COOH 

Coerulein  is  the  phthalidein  of  gallein.  The  compounds  which 
are  described  are  named  below,  together  with  their  melting-points. 
The  following  derivatives  of  gallein  :  tetracetate  241®,  tetraben- 
zoate  226°,  methyl  ester  which  did  not  melt  when  heated  to  280**, 
ethyl  ester,  triphenyl  carbamate,  trimethyl  ether  229®,  tetra- 
methyl  ether  which  existed  in  two  forms,  colorless  195°  and  col- 
ored 199®,  tetraethyl  ether,  colorless  144°  and  colored  155°, 
triethyl  ether,  basic  lead  salt,  and  the  acetate  of  the  trimethyl 
ether  197®.  The  tetracetate  (m.  p.  216^)  and  its  silver  salt  and 
the  pentamethyl  ether  (m.  p.  127°)  of  gallein  are  described. 
Coerulein  triacetate,  two  methyl  ethers,  and  a  monoethyl  ether 
were  also  studied. 

On  the  Two  Modifications  of  Benacene-4-azoresorcin  and 
tlie   Constitution    of    the    Oxyazo   Compounds.      By  W.  R. 

Orndorfp  and  E.  D.  Thkbaud.  Am,  Chem.J,,  26,  159-166. — 
On  account  of  the  fact  that  the  diacetyl  derivative  of  benzene-4- 
azoresorcin  yields  acetanilide  and  amidoresorcin  when  reduced 
with  zinc  dust  and  acetic  acid,  the  conclusion  has  been  drawn 
that  the  compound  is  a  hydrazone  quinone,  and  that  it  has  the 
formula 
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COH 
HC,  ,CH 

HC  C  =  O. 

C 

II 
NNHC.Hj 

The  fact  that  benzene-4-azoresorcin  exists  in  two  modifications 
can  be  explained  if  the  above  formula  is  accepted,  for  the  double 
bond  between  the  carbon  and  nitrogen  atoms  gives  a  chance  for 
stereoisomerism.  In  order  to  test  this  view  the  authors  have  pre- 
pared a  number  of  derivatives  of  benzene-a-azoresorcin,  and  have 
endeavored  to  separate  each  compound  into  isomers.  The 
diacetyl  derivative,  prepared  from  either  isomer,  melts  at  104°. 
When  the  compound  was  crystallized  from  35  per  cent,  alcohol  a 
substance  was  obtained  which  melted  at  106^  and  had  a  reddish 
yellow  color,  whereas  the  product  crystallized  from  ordinary 
alcohol  melted  at  104°  and  had  a  pure  yellow  color.  The  mono- 
ethyl  ether  of  benzene-4-azoresorcin  crystallizes  from  alcohol  in 
short,  brownish  red  crystals,  which  melt  at  87°.  When  the 
product  was  recrystallized  from  dilute  alcohol,  it  gave  long, 
reddish  yellow  crystals,  which  melted  at  88°.  The  diacetyl 
derivative  of  benzene-4-azoresorcin  reacted  with  phenylhydrazine, 
forming  a  bis-phenylhydrazone  (m.  p.  163°).  This  fact  is  strong 
evidence  of  the  correctness  of  the  structure  which  has  been  as- 
signed to  the  compound.  This  diacetyl  compound  was  saponified 
and  the  corresponding  bisphenylhydrazone  (m.  p.  160°)  was  iso- 
lated. In  an  attempt  to  prepare  the  orthomethyl  ether  of  ben- 
zene-4-azoresorcin,  a  compound  (m.  p.  1 89*^-1 90°)  of  the  struc- 
ture C«H2(OH)i,(N,HC«H,),2,4(OCH,),  was  prepared. 

On  the  Oxygen  Ethers  of  the  Ureas :  Hethyl-  and  Ethyl- 
isourea.  By  Ralph  H.  McKre.  Am,  Chem.J,,  26,  209-265. 
— On  account  of  the  fact  that  isocarbanilides, 

C.HjNH.CC  :  NC.HJOR, 

in  some  of  their  important  reactions,  e,g,  saponification  and  forma- 
tions of  amides,  exhibit  an  entirely  different  behavior  from  that  of 
other  known  ethers  of  analogous  structure,  such  as  acid  esters 
RC(  :0)0R  and  imido  esters  RC(  :  NH)OR,  an  exhaustive  in- 
vestigation of  isoureas  of  simpler  structure  than  the  isocarbani- 
lides was  carried  out.  The  striking  difference  in  reaction  of 
compounds  of  the  same  class  might  be  produced  by  the 
difference  in  basicity  of  the  compounds.  This  hypothesis  would 
explain  the  difference  in  the  hydrolysis  of  the  hydrochlorides  of 
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the  weak  bases  of  the  imidoether  type,  and  of  the  stronger  bases 
of  the  urea  ether  t3rpe.  Another  explanation  which  was  sug- 
gested, viz. ,  that  the  differences  are  produced  by  stereochemical 
interference,  which  varies  with  groups  of  different  size  and  weight, 
was  subjected  to  investigation.  The  experimental  results  showed 
clearly  that  this  view  was  not  correct.  As  a  step  toward  ex- 
plaining the  differences  noted  above,  a  number  of  ethers  of  the 
types  C.HjNH.CC  :  NH)OR,  C«H,NCH,.C(  :  NH)OR,  and 
NH,C(  ;  NH)OR  were  prepared  and  investigated.  The  methods 
for  preparing  these  new  classes  of  ethers  have  been  so  developed 
that  the  compounds  can  be  prepared  as  readily  as  any  imidoether. 
The  ethers  were  readily  benzoylated  and  condensed  with  phenyl 
isocyanate.  In  this  way  isourea  ethers  with  negative  groups 
were  obtained.  Every  isourea  ether  obtained  gave  an  alkyl  chlo- 
ride and  a  urea  on  heating  with  dilute  hydrochloric  acid.  The 
study  of  the  behavior  of  the  new  urea  ethers  towards  amines  was 
not  completed,  but  in  the  case  of  the  monophenylated  isoureas  it 
was  shown  that  in  no  case  was  the  reaction  with  aniline  a  smooth 
one,  with  the  formation  of  an  amide.  The  simple  isourea  ethers 
show,  therefore,  the  same  characteristic  lack  of  power  to  form 
normal  saponification-products  and  amides  as  do  the  isocarbani- 
lides.  Reference  must  be  made  to  the  original  paper  for  an  ac- 
count of  the  large  number  of  compounds  which  are  carefully  de- 
scribed. 

On    Acetyl    and    Benzoylimidodithiocart>onic  Esters.      By 

Henry  L.  Wheeler  and  Treat  B.  Johnson.  Am,  Chem.J,, 
26,  185-206. — The  possibility  of  stereoisomerism  in  acylimidodi- 
thiocarbonic  esters  is  suggested  by  the  presence  of  a  double  bond 
in  the  compounds  between  a  carbon  and  a  nitrogen  atom.  To  de- 
termine whether  such  isomerism  exists,  methyl  ethyl  benzoylimi- 
dodi  t  hiocarbona  te , 

<SC,H5 
SCH, 

was  prepared  in  two  ways  which  would  produce  isomers  if  such 
forms  exist.     The  compounds  used  had  the  formulas 

ySNa 
C.H,.CO.N=C<  and 

\SCH. 

/S.CjHj 
C.H,— CO.N=C< 

^SNa 

The  first  was  treated  with  ethyl  iodide  and  the  second  with 
methyl  iodide.  The  resulting  product  proved  to  be  an  oil  in  each 
case,  which  boiled  at  224®  at  20  mm.  pressure.  The  question  was 
not  settled  by  these  experiments,  as  even  if  isomers  had  been 
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formed,  the  more  unstable  one  would  probably  have  been  con- 
verted into  the  staple  form  when  heated  to  such  a  high  tempera- 
ture. A  detailed  account  is  given  of  a  number  of  experiments, 
which  had  as  their  aim  the  preparation  of  crystalline  reaction- 
products.  In  some  cases  the  acyldithiocarbonates  were  oils,  in 
others  the  two  methods  of  preparation  could  not  be  used.  When 
the  radicals  introduced  were  the  benzyl  and  metaxylyl  groups  the 
results  were  satisfactory.  Crystalline  products  were  obtained  by 
the  two  methods  of  preparation.  These  compounds  proved  to  be 
identical  and,  accordingly,  it  is  evident  that  stereoisomeric  acylimi- 
dodithiocarbonic  esters  do  not  result  by  the  methods  employed. 
When  these  esters  are  treated  with  amines  a  mercaptan  is  evolved, 
and  acylpseudothioureas  of  a  new  type  are  formed.  The  behavior 
of  the  esters  with  hydrochloric  acid  and  with  hydrogen  sulphide 
was  also  investigated.  A  number  of  new  compounds  prepared  in 
the  course  of  the  work  are  described. 

-  Camphoric  Acid :  Racemic  Campliolytic  Acid  and  Racemic 
Dihydroiiydroxycampliolytic  Acid.  By  William  A.  Noyes 
AND  W.  M.  Blanchard.  Am.  Chem,  /.,  a6,  281-292. — The 
authors  have  shown  that  inactive  campholytic  acid  (m.  p.  31®, 
b.  p.  127^-128®  at  14  mm.)  is  the  racemic  form  corresponding  to 
ar-campholytic  acid.  The  acid  required  for  the  investigation 
was  prepared  by  allowing  /J-campholytic  acid  to  stand  in  contact 
with  fuming  hydrobromic  acid  for  several  days,  and  by  decompo- 
sing the  resulting  hydrobromide  with  caustic  soda.  This  hydro- 
bromide  of  /^-campholytic  acid  gradually  passes  over,  almost  com- 
pletely, into  the  hydrobromide  of  the  o'-acid.  This  transforma- 
tion is  explained  readily  if  the  formula  for  campholytic  put  for- 
ward by  the  authors  in  an  earlier  paper  {^Am.  Chem,  /.,  24,  286) 
is  accepted.  When  the  hydrobromide  of  the  racemic  nr-campho- 
lytic  acid  is  treated  with  caustic  soda  there  is  formed,  in  addition 
to  the  regeneration  of  campholytic  acid,  a  small  amount  of  the 
lactone  first  discovered  by  Kerschbaum  and  Tiggesand  a  small, 
but  relatively  larger,  amount  of  a  new  hydroxy  acid,  which  was 
shown  to  be  the  racemic  form  of  dihydrohydroxycampholytic  acid 
(m.  p.  176°),  by  separating  it  into  its  optically  active  components 
(m.  p.  132°)  and  identifying  the  right-handed  form  with  that  acid. 
As  this  new  hydroxy  acid  corresponds  in  configuration  to  the  hy- 
drobromide of  the  racemic  a-campholytic  acid,  and  as  that  hydro- 
bromide is  always  formed  by  the  addition  of  hydrobromic  acid  to 
the  racemic  acid,  it  follows  that  addition  produces  but  one  con- 
figuration, whereas  if  campholytic  acid  has  the  structure  proposed 
by  Bredt  two  configurations  would  be  possible.  The  formula 
proposed  by  the  authors  is  in  accord  with  the  above  facts.  The 
formation  of  a  lactone  on  treating  dihydroaminocampholytic  acid 
with  nitrous  acid  has  been  taken  as  evidence  that  in  this  acid  the 
amino  group  is  in  the  ^'-position  with  regard  to  the  carboxyl. 
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This  conclusion  is  now  doubtful,  as  it  has  been  shown  that  cam- 
phoric, dihydroaminocampholytic,  dihydrohydroxycampholytic, 
and  bromdihydrocampholytic  acids  are  all  active,  whereas  the  lac- 
tone prepared  from  active  dihydroaminocampholytic  acid  is  inac- 
tive. This  lactone  has  also  been  prepared  by  warming  the  nitroso 
derivative  of  the  anhydride  of  dihydroaminocampholytic  with 
sodium  hydroxide.  The  authors  show  that  the  chief  products  of 
this  reaction  are  active  or-campholytic  acid  and  active  dihydrohy- 
droxycampholytic acid,  which,  accordingly,  correspond  in  con- 
figuration to  the  original  amino  acid.  By  the  reduction  of  the 
hydroiodide  of  the  racemic  or-campholytic  acid  a  new  dihydro-a- 
campholytic  acid  (b.  p.  245^-247°)  was  prepared.  This  acid  was 
converted  into  the  a-bromine  derivative  (m.  p.  148°)  which 
yielded  a  new  campholytic  acid  which  has  the  double  union  in 
the  position  /^*.  This  acid  melts  at  90^-91°  and  gives  an  amide 
which  melts  at  90°. 

Acetanilide.  By  Charles  W.  Gorr.  Pharni,  Rev,,  18, 
402-408. — Physical  and  chemical  tests  for  acetanilide  are  de- 
scribed in  some  detail. 

Note :   Zinc-Copf>er  Couple  for  Preparing  Zinc  Ethyl.     By 

W.  A.  NoYES.  Ayn,  Chem,  J,,  24,  467. — Attention  is  called  to 
the  fact  that  zinc  filings  for  the  preparation  of  the  zinc-copper 
couple  may  be  replaced  by  a  kind  of  granulated  zinc  which 
is  on  the  market. 

On  Tritolylclilormethane,  By  M.  Gomberg  and  O.  W. 
VoEDiscH.  /.  Am,  Chem.  Soc.y  23,  177-178. — Tritolylchlor- 
methane  was  prepared  by  the  action  of  carbon  tetrachloride  on 
toluene  in  the  presence  of  aluminum  chloride.  The  compound 
was  converted  into  the  corresponding  ethoxyl  derivative  (m.  p. 
105°)  when  it  was  heated  with  alcohol.  By  the  action  of  water 
on  the  chloride  the  corresponding  carbinol  was  formed. 

Note:  The  Nature  of  the  Oxyazo  Compounds.  By  Wil- 
UAM  McPherson.  Am,  Chem.  J,,  25,  80. — In  a  recent  paper  the 
author  stated  that  free  paraoxyazo  compounds  do  not  react  with 
phenylhydrazine.  This  statement  the  author  finds  to  be  incor- 
rect. A  reaction  takes  place  slowly  at  100°  with  the  formation 
of  a  white  crystalline  substance,  which  is  now  being  studied. 

The  Detection  of  Methyl  Alcohol  in  the  Presence  of  Ethyl 
Alcohol.  By  Ai^bert  B.  Prescott.  Pharm,  Arch. y  ^^  86--^, 
— The  method  described  is  briefly  as  follows  :  The  diluted  spirit 
is  treated  with  a  hot  oxidized  copper  spiral  a  number  of  times. 
Hydrogen  peroxide  is  added  to  destroy  the  acetic  aldehyde,  and 
then  sodium  thiosulphate  to  decompose  the  excess  of  the  perox- 
ide. The  solution  so  obtained  is  tested  for  formic  aldehyde  by 
means  of  phloroglucinic  and  sodium  hydroxide. 
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The  Revival  of  Organic  Chemistry.  By  H.  N.  Stokbs. 
Science ^  12,  537. — This  paper  was  delivered  as  the  annual  address 
of  the  president  of  the  Chemical  Society  of  Washington.  The 
author  reviews  briefly  the  history  of  stereochemistry ,  tautomer- 
ism»  catalysis,  and  other  recent  theories  of  organic  chemistry.  It 
is  clearly  shown  that  organic  chemistry  offers  as  richly  as  ever 
before  opportunities  for  important  work.  The  advance  in  this 
part  of  the  science  is  to  come  through  the  applications  of  the 
methods  of  study  which  have  advanced  empirical  inorganic  chem- 
istry to  the  science  of  modern  general  chemistry.  The  study  of 
catalytic  action  in  the  realm  of  physiological  phenomena  will  with- 
out doubt  lead  to  discoveries  of  great  importance  to  the  welfare 
of  man.  The  paper  is  a  strong  answer  to  those  who  are  of  the 
opinion  that  organic  chemistry  no  longer  offers  opportunity  for 
work  of  scientific  importance. 

Camphoroxalic  Acid  Derivatives.  By  J.  Bishop  Tinglb. 
y.  Am,  Chem.  Soc,  23,  363-392. — The  author  gives  a  summary 
of  his  work  on  camphoroxalic  acid,  which  has  been  carried  out 
at  intervals  during  the  last  twelve  years,  and  describes  new  ex- 
periments on  the  action  of  ammonia  and  certain  aliphatic  amines 
on  camphoroxalic  acid  and  its  ethyl  ester. 

Synthesis  of  Derivatives  of  Dimethylcyclof>etitanone,  fi^fi' 
Dimethyiadipic  Acid,  and  a,/?,/^-Trimethyladipic  Acid.     By 

W.  A.  NoYES.  /.  Am.  Chem,  Soc,  23,392-402. — A  detailed  ac- 
count of  the  methods  of  preparation  and  properties  of  the  sub- 
stances mentioned  in  the  title  are  given.  The  substances  are  of 
importance  as  they  are  related  to  2.33-trimethylcyclopentanone, 
a  ketone  w^hich  the  author  has  recently  synthesized  and  shown  to 
be  identical  with  a  ketone  previously  obtained  from  camphoric 
acid  by  a  series  of  reactions  which  can  be  easily  followed. 

On  Some  Addition-Reactions  of  Thio  Acids.  By  Henry 
L.  Wheeler.  /.  Am.  Chem.  Soc,  23,  443-450. — The  methods 
of  preparation,  properties,  and  reactions  of  the  addition-products 
formed  from  thiobenzoic  acid  and  certain  amidines,  amidoesters, 
hydrazones,  ureas,  and  amines  are  described. 

On  Trivalent  Carlion.  By  M.  Gomberg.  /.  Am.  Chem.  Sac, 
^3»  496-502. — The  author  calls  attention  to  some  errors  in  his 
previous  wbrk,  and  describes  addition-products  of  the  unsatura- 
ted hydrocarbon  formed  by  the  action  of  zinc  on  triphenylchlor- 
methane,  with  ether  and  with  ethyl  acetate. 

Preparation  of  2,5-Dimethylbenzaldehyde ;  The  EstalH 
iishment  of  Its  Constitution  and  Preparation  of  Some  of 
the  Derivatives.  By  Everhart  P.  Harding  and  I^illian 
Cohen.  /.  Am.  Chem,  Soc,  23,  594-606. — 2,5-Dimethylbenz- 
aldehyde was  prepared  by  Gattermann*s  method  from  /-xylene. 
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The  preparation  was  of  interest  as  the  aldehyde  group  was  intro- 
duced into  a  position  ortho  to  a  methyl  group.  A  number  of  de- 
rivatives of  the  new  compound  were  prepared  by  the  usual  meth- 
ods. 


The  Synthesis  of  Alkyl  Kctodihydroquinazolines  from  An- 
thnuiilic  Acid.  By  August  Henry  Gotthelp.  /.  Am,  Chem, 
Soc.,  23,  611-632. — ^The  reaction  by  which  kctodihydroquinazo- 
lines are  prepared  by  the  action  of  nitriles  on  anthranilic  acid 
has  been  studied  carefully.  The  conditions  under  which  the  best 
yield  of  quinazoline  is  obtained  have  been  established,  and  a  num- 
ber of  new  substances  have  been  prepared.  The  influence  of 
acids  and  their  anhydrides  on  the  reaction  has  been  determined. 


ANALYTICAL  CHEfliSTRY. 

ULTIMATE  ANAI^YSIS. 
H.  P.  Talbot,  Rbvxewkr. 

A  riethod  for  tiie  Determination  of  the  Available  Organic 
Nitrogien  in  Commercial  Fertilizers.  Bv  John  Phillips 
Street.  /.  Am.  Chem,  Soc.,  23,  330-338. — The  author  regards 
the  results  obtained  by  existing  methods  as  of  doubtful  value  as 
a  measure  of  the  availability  of  the  nitrogen  present  in  fertilizing 
materials.  A  considerable  number  of  experiments  made  by  him 
seem  to  indicate  that  the  most  reliable  figures  are  obtained  by 
digesting  the  fertilizers  with  a  1.6  per  cent,  solution  of  potassium 
permanganate,  on  the  steam-bath,  and  determining  the  total 
nitrogen  in  the  residue  (after  washing  with  water)  by  the  Kjel- 
dahl  method. 

Method  for  Preparing  Strictly  Tenth-Normal,  Fifth-Nor- 
mal, Etc.,  Hydrochloric  or  Nitric  Acid.  By  Richard  K. 
Meade.  /.  Am,  Chem,  Soc,  23,  343-347. — An  aqueous  solution 
of  copper  sulphate,  in  known  quantity,  is  subjected  to  the  action 
of  the  electric  current  for  the  removal  of  the  copper,  the  resulting 
solution  of  sulphuric  acid  is  treated  with  barium  chloride  or  ni- 
trate, the  precipitated  sulphate  is  removed  by  filtration,  and  the 
solution  made  up  to  the  required  volume. 

On  the  Separation  of  Tungstic  and  Silicic  Acids.     By  H.  L. 

Wells  and  F.  J.  Metzger.  /.  Am.  Chem.  Soc,  23,  356-358.— 
The  authors  are  unable  to  confirm  the  statement  of  Herting 
{Ztschr.  angew.  Chem.,  1901,  165)  that  on  the  ignition  of  silicic 
and  tungstic  adds  a  volatile  silico- tungstic  acid  is  formed.  They 
were  able  to  effect  an  accurate  separation  by  treatment  of  the 
mixture  with  hydrofluoric  acid,  and  only  detected  a  loss  when  the 
temperature  of  the  blast-lamp  was  employed  for  ignition,  at  which 
temperature  tungstic  acid  is  volatilized. 
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A  New  Indicator  for  Use  in  Determining:  Total  Acidity  of 
Wines.  ByE.  G.  Runyan.  /.  Am,  Chem,  Sac,  23,  402-405. — 
The  author  recommends  a  mixture  of  corallin  (rosolic  acid)  and 
malachite  green.  The  mixture  shows  a  purple  color  with  alkalies 
and  a  green  with  acids. 

The  Estimation  of  Carbonic  Acid  in  Water.  By  Joseph  W. 
Ellms  and  Jay  C.  Bknkkbr.  /.  Am.  Chem.  Soc,  23,405-431. — 
The  paper  presents  the  results  of  comparative  experiments  made 
with  the  Pettenkofer,  Trillich,  and  lyUnge-Trillich  methods.  The 
authors  conclude  that  "'  for  ease  and  rapidity  of  manipulation,  for 
avoidance  of  difficulties  arising  from  the  presence  of  magnesium 
salts,  and  for  its  greater  accuracy,  the  Lunge-Trillich,  or  Seylor 
method,  is  to  be  preferred  to  either  of  the  other  two  volumetric 
methods.** 

The  Indirect  Weigliing  of  Quantitative  Precipitates.  A 
Rapid  and  Accurate  ilethod  for  Determining  the  Weight  of 
a  Precipitate  without  Separating  It  from  the  Liquid  in 
Which  It  Was  Precipitated.  By  R.  W.  Thatcher.  /.  Am. 
Ckem.  Soc.y  23,  644-668. — The  following  formula  is  employed  : 

X  =  -^ -jf— ,  in  which  x  =  the  weight  of  the  precipitate,  ^and 

a  —  a 

d!  the  densities  of  precipitate  and  liquid  respectively,  and  a  the 
total  weight  and  b  the  total  volume  of  the  liquid  and  precipi- 
tate together.  The  author  has  applied  the  procedure  to  the  de- 
termination of  chlorine  as  silver  chloride,  of  sulphur  as  barium 
sulphate,  of  calcium  as  calcium  oxalate,  of  phosphoric  acid  as 
phosphomolybdate,  and  of  reduced  cuprous  oxide.  He  considers 
the  procedures  more  rapid  and  accurate  than  the  usual  gravimet- 
ric methods.  The  original  article  contains  many  interesting  de- 
tails. 

The  Electrolytic  Determination  of  Molybdenum.  By  Lily 
Gavit  Kolu)Ck  and  Edgar  F.  Smith.  /.  Am.  Chem.  Soc, 
23,  669-671. — Molybdenum  is  precipitated  electrolytically  from 
solutions  acidified  with  sulphuric  or  acetic  acids,  as  a  black, 
adherent  coating  of  hydrated  sesquioxide.  This  cannot  safely 
be  weighed,  but  may  be  dissolved  in  nitric  acid  and  ignited  and 
weighed  as  molybdic  acid.  Analyses  of  molybdenite  may  be 
hastened  by  the  application  of  this  procedure  to  the  aqueous  so- 
lution of  the  fusion  with  sodium  carbonate  and  nitrate.  In  this 
case  acetic  acid  must  be  used  if  the  sulphur  is  to  be  determined. 

The  Determination  of  Sulphur  in  Iron  and  Steel.  By  Wil- 
liam A.  NoYKS  andL.  Leslie  Helmer.  /.  Am.  Chem.  Soc,  23, 
675-679. — The  authors  find  that  the  best  results  are  obtained  by 
solution  of  the  iron  or  steel  in  bromine  and  water,  or  in  dilute 
nitric  acid  and  potassium  bromide,  with  the  addition  of  potassium 
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chlorate.  The  sulphur  in  the  residue  (if  any)  is  determined  by 
fusion  with  sodium  carbonate  and  potassium  nitrate.  The  sul- 
phur in  the  original  solution  is  precipitated  after  the  removal  of 
the  iron  by  ammonia. 

p.  J.  Moo&E,  Reviewer. 

Estimation  of  Calcium,  Strontium,  and  Barium,  as  tlie 
Oxalates.  By  C.  A.  Peters.  Am,  J.  Sci,,  162,  216-224.— The 
authors  sum  up  the  results  of  their  work  as  follows:  **In  the 
estimation  of  calcium  by  titration  of  the  oxalate  with  permanga- 
nate, accurate  results  may  be  obtained  when  hydrochloric  acid 
(with  a  manganous  salt)  is  used  as  the  solvent.  Strontium  salts 
may  be  precipitated  by  ammonium  oxalate  with  practical  com- 
pleteness in  a  solution  containing  one-fifth  its  volume  of  85  per 
cent,  alcohol,  and  with  approximate  completeness  from  water 
solutions  at  a  dilution  not  exceeding  250  cc.  Furthermore, 
strontium  oxidate  may  be  titrated  by  permanganate  with  accu- 
racy when  either  sulphuric  or  hydrochloric  acid  (with  a  mangan- 
ous salt)  is  used  to  liberate  the  oxalic  acid.  Barium  salts  may 
be  precipitated  with  practical  completeness  by  ammonium  oxalate 
in  a  solution  containing  one-third  its  volume  of  alcohol  (85  per 
cent.)  and  the  barium  oxalate  thus  obtained  may  be  dissolved  in 
hydrochloric  acid  and  titrated  by  permanganate  after  the  addition 
of  a  manganous  salt.  Strontium  and  barium  oxalates  may  be 
converted  to  the  carbonates  by  ignition  and  weighed  as  such." 

The  Analysis  of  Slags  and  Cinders.  By  Cavelier  H. 
Jot^T.  Part  II.  Iron  and  Hanganese  Slags.  School  Mines 
Quart,  ^  22,  140-152. — This  paper  is  one  of  a  series  upon  the 
same  subject.  (See  this  Rev.^  7,  40.)  It  is  not  adapted  for  con- 
densation. 

Blast-Fumace  and  Steel  Works  Chemistry.  By  J.  M.  Camp. 
Iron  Trade  Rev, ^  34,  (No.  12)  11. 

The  Quantitative  Determination  of  Cadmium.  By  Ed- 
mund H.  Miller  and  Robert  W.  Page.  School  Mines  Quart,, 
22,  391-398. — The  authors  sum  up  the  results  of  their  work  as 
follows:  **(i)  The  electrolytic  determination  of  cadmium  is 
most  accurate  and  satisfactory,  provided  a  large  excess  of  potas- 
sium cyanide  and  the  presence  of  other  salts  are  avoided. 
(2)  The  carbonate  method  is  the  most  troublesome  and  the  least 
accurate.  (3)  The  cadmium  ammonium  phosphate  contains  one 
molecule  of  water  of  crystallization  and  can  be  dried  without  de- 
composition at  ioo°-io3°.  (4)  Austin's  method  for  cadmium 
is  unsatisfactory.  (5)  Asbestos  filters  should  be  avoided  on 
account  of  the  solubility  of  the  fibers  in  either  ammonium  phos- 
phate or  nitric  acid.  (6)  Cadmium  can  be  determined  with 
great  accuracy  by  precipitating  in  the  cold,  in  a  neutral  solution, 
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by  a  large  excess  of  acid  ammonium  phosphate,  and  allowing  to 
stand  over  night ;  it  can  be  weighed  on  balanced  filters  or  ignited 
to  pyrophosphate.  If  precipitated  in  a  boiling  solution,  or  on 
prolonged  boiling,  it  is  liable  to  change  in  composition  and  give 
low  results.  We  recommend  this  method  as  preferable  to  the 
carbonate  method  in  all  respects,  and  while  no  more  accurate 
than  the  electrolytic  method,  it  has  the  practical  advantage  of 
requiring  no  extraordinary  or  expensive  apparatus." 

The  Volumetric  Determination  of  Zinc.  By  Percy  H. 
Walker.  /.  Am.  Chem,  Soc,  23,"  468-470. — Stcdba's  method  for 
the  determination  of  magnesium  may  be  successfully  applied  to 
the  determination  of  zinc.  The  zinc  is  first  precipitated  as  zinc 
ammonium  phosphate.  This  is  filtered  off,  and  titrated  with 
standard  acid.  The  presence  of  considerable  quantities  of  iron, 
calcium,  and  magnesium  salts  does  not  interfere  with  the  acctu*acy 
of  the  results,  but  manganese  must  be  previously  separated. 

Tlie  Oxidation  of  Nitrogen  as  a  Source  of  Error  in  the 
Estimation  of  Hydrogen  and  Metliane.  By  Ai^pred  H. 
White.  /.  Am,  Chem,  Soc,  23,  476-482. — ^The  author  sums  up 
the  results  of  his  investigation  as  follows  :  **  Oxides  of  nitrogen 
are  always  formed  in  explosion  analysis  in  amount  increasing  with 
the  violence  of  the  explosion.  The  dilution  recommended  by 
Bunsen,  when  exploding  in  eudiometer  tubes  under  reduced  pres- 
sure, is  not  sufiScient  when  working  with  the  Hempel  explosion- 
pipette.  If  the  explosive  ratio  is  kept  between  four  and  three, 
the  error  is  negligible  in  the  technical  analysis  of  gases  almost 
entirely  hydrogen.  The  presence  of  small  amounts  of  methane 
increases  the  error,  and  if  large  amounts  of  methane  are  present, 
the  error  may  easily  amount  to  a  per  cent,  or  more.  The  explo- 
sive ratio  should  be  kept  between  four  or  three  as  in  the  case  of 
hydrogen.  The  method  of  Dennis  and  Hopkins  tends  to  give 
high  results,  and  the  errors  may  easily  become  of  importance  if 
care  is  not  taken  to  avoid  heating  the  spirals  too  hot  and  too  long. 
Neither  the  explosion  method  nor  any  method  involving  active 
combustion  can  give  strictly  accurate  results.  * ' 

A  Rapid  iletliod  for  tlie  Determination  of  Arsenious  Oxide 
in  Paris  Qreen.  By  S.  Avery  and  H.  T.  Beans.  /.  Am,  Chem. 
Soc,,  23,  485-486. — The  sample  is  suspended  in  water,  and  dis- 
solved by  the  addition  of  a  little  concentrated  hydrochloric  acid. 
The  arsenic  present  is  then  determined  volumetrically  by  oxida- 
tion with  iodine  in  a  solution  of  sodium  bicarbonate.  The  copper 
is  held  in  solution  by  means  of  a  solution  of  sodium  potassium 
tartrate.  The  authors  find  that  the  presence  of  copper  does  not 
interfere  with  the  determination  of  the  end-point.  Results  are  a 
little  higher  than  by  other  methods. 
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riodified  Williams'  Method  for  ilansanese.  By  Randolph 
BoLLiNG.  /.  Am,  Chem.  Soc.,  23,  493-496. — The  modifications 
introduced  by  the  author  are  directed  toward  rendering  the  filtra- 
tion of  the  precipitated  manganese  dioxide  more  rapid. 

The    Electrolytic    Separation    of    Mercury    from    Copper. 

By  Roscoe  Spare  and  Edgar  F.  Smith.  /.  Am.  Chem.  Soc,  23, 
579-582.  The  authors  defend  their  electrolytic  method  against 
the  criticisms  of  Goecke  and  others.  The  results  of  several 
analyses  are  added. 

Precipitation  and  Separation  of  Silver  in  the  Electrolytic 
Way.  By  W.  H.  Fui.wEii3R  and  Edgar  F.  Smith.  /.  Am. 
Chem.  Soc,  23,  582-585.  Silver  may  be  determined  electrolyt- 
ically  in  cyanide  solutions  containing  three  or  four  other  metals, 
for  example,  copper,  cadmium,  and  zinc.  Records  of  analyses 
illustrating  the  necessary  conditions  of  concentration,  strength  of 
current,  and  so  forth,  are  presented  in  tabular  form. 

Notes  on  the  Analysis  of  Explosives.  By  F.  W.  Smith. 
/.  Am.  Chem.  Soc,  33,  585-589. — Methods  are  described  in  de- 
tail for  the  determination  of  sulphur  and  nitroglycerine  in  dyna- 
mite, also  some  suggestions  upon  the  standardization  of  Lunge's 
nitrometer. 

The  Electrolytic  Method  Applied  to  Uranium.  By  Lily 
Gavit  Koi<lock  and  Edgar  F.  Smith.  /.  Am.  Chem.  Soc, 
23»  607-609. — This  article  consists  almost  entirely  of  tables  con- 
taining the  results  of  analyses  showing  how  uranium  can  be  suc- 
cessfully separated  by  electrolysis  from  iron,  barium,  calcium, 
magnesium,  and  zinc. 

Sampling  Pig  Iron.  By  W.  G.  Scott.  Foundry,  17,  242- 
245. — Ten  pigs  are  selected  from  each  lot  with  reference  to  the 
relative  properties  of  close,  medium  or  open-grained.  An  equal 
amount  of  borings  is  taken  from  each  pig  and  the  whole  intimately 
mixed.  In  taking  the  borings  the  ends  of  the  pigs  selected  are 
broken  off  and  holes  drilled  in  the  face  of  each  in  a  circle  about 
half-way  between  the  centre  and  circumference  of  the  pig.  The 
latter  part  of  the  article  is  devoted  to  a  discussion  of  the  way  in 
which  various  qualities  of  the  pig  iron  should  be  mixed  in  order 
to  secure  castings  suitable  for  different  purposes. 

PROXIMATE  ANAI^YSIS. 
A.  G.  Woodman,  Rbvibwbr. 

A  Modification  of  the  Sulphuric  Acid  Test  for  Formaldehyde 
in  Milk.  By  A.  Gustav  Luebert.  /.  Am.  Chem.  Soc,  23, 
682-683. — Five  grams  of  coarsely  powdered  potassium  sulphate 
are  placed  in  a  100  cc.  flask,  5  cc.  of  the  milk  distributed  over  it 
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by  means  of  a  pipette  and  10  cc.  of  sulphuric  acid  (sp.  gr.  1.84), 
carefully  poured  down  the  side  of  the  flask.  If  formaldehyde  is 
present  the  violet  coloration  of  the  potassium  sulphate  will  take 
place  in  a  few  minutes.  The  test  is  said  to  be  sensitive  to  a  dilu- 
tion of  at  least  one  part  of  formaldehyde  in  250,000  parts  of  milk. 

Household  Tests  for  the  Detection  of  Oleomai^arine  and 
Renovated  Butter.  By  G.  E.  Patrick.  U.  S.  DepL  Agr., 
Fanners'  Bull.,  131,  i-ii. — Two  tests,  the  boiling  or  **  spoon  " 
test  and  a  modification  of  the  Waterhouse  test  {this  Rev,^  7,  119), 
are  described  which  should  enable  any  one,  with  the  ordinary 
kitchen  facilities,  to  distinguish  in  most  cases  between  genuine 
butter,  renovated  butter,  and  oleomargarine. 

Analyses  of  iliscellaneous  Food  ilaterials.  By  Chas.  D. 
Woods  AND  L.  H.  Merrii.i<.  Me.  Agr.  Expt.  Sta.  Bull.,  75, 
89-112. 

On  the  Qualitative  Determination  of  the  Organic  Acids  in 
the  Fruit  of  Rhus  Qlabra,  L.  and  of  Rhus  Canadensis*  Marsh. 

By  Edo  C1.AASSEN.  Phann.  Rev.,  19,  345-347. — Experimental 
evidence  is  presented  to  show  that  it  is  practically  impossible  to 
extract  from  a  liquid,  containing  a  great  deal  of  organic  sub- 
stances, the  malic  acid  in  the  form  of  its  neutral  ammonium  salt. 
A  method  is  proposed  which  is  fairly  rapid  and  g^ves  good  results 
in  the  determination  of  the  acids  in  fruits,  leaves,  etc. 

The  Extraction  of  ilorphine  with  immiscible  Solvents.    By 

W.  A.  PucKNER.  /.  Am.  Chem.  Sac,  23,  470-473. — Experi- 
ments were  carried  out  to  ascertain  whether,  in  extracting  mor- 
phine from  solution  by  a  mixture  of  chloroform  and  alcohol,  the 
alkaloid  might  not  be  liberated  by  ammonium  hydroxide  instead 
of  fixed  alkali.  The  results  show  that  ammonium  hydroxide  does 
combine  with  morphine  to  form  a  salt  not  readily  taken  up  by 
alcohol-chloroform  but  that  it  does  so  to  a  much  less  extent  than 
sodium  hydroxide.     A  great  excess  of  alkali  should  be  avoided. 

Opium  Assay.  By  A.  B.  Stevens.  Pharm.  Archives,  4,  81- 
86. — ^The  author  uses  a  modification  of  the  lime  method,  making 
a  correction  for  the  amount  of  morphine  lost  during  the  assay. 
Detailed  directions  for  the  procedure  are  g^ven. 

Recent  Progress  in  the  Study  of  Vegetable  Foods  and  Drugs. 

By  Henry  Kraemer.  Pharm.  Rev.,  19,  387-398. — This  paper 
is  a  comprehensive  r6sum6  of  the  important  work  done  during 
the  past  year  on  the  properties  and  constituents  of  vegetable  foods 
and  drugs. 

A  New  Alcohol  Table.  By  A.  B.  Lyons.  Pharm.  Archives, 
4,  I0X-I06. 
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H.  p.  Talbot^  Rbvibwkr. 

A  Comparison  of  the  Solubility  of  Acetylene  and  Ethy- 
lene. By  Samuei.  Auchmuty  Tucker  and  Herbert  R. 
Moody.  /.  Am.  Chem.  Soc,  23,  671-674. — ^The  separation  of 
these  gases  by  means  of  ammoniacal  cuprous  chloride,  alcohol  or 
acetone  was  unsuccessful  owing  to  the  solubility  of  the  ethylene  in 
these  reagents,  while  Nordhausen  acid  holds  back  acetylene  as  well 
as  ethylene.  An  ammoniacal  silver  solution,  however,  absorbs 
acetylene  and  holds  back  but  a  trifling  amount  (about  0.2  cc.  in 
26  cc. )  of  the  ethylene,  admitting  of  a  separation  sufficiently  ex- 
act for  many  purposes. 

p.  H.  Thorp,  Rbvibwbr. 

A  New  Method  of  Adulterating  Wine.  Note.  /.  Franklin 
Inst,y  15a,  178. — Red  wines  may  be  decolorized  and  made  to  re- 
semble the  more  expensive  white  wines  by  treatment  with  bone- 
black  and  potassium  permanganate.  The  chief  interest  in  the 
item  lies  in  the  method  proposed  for  the  detection  of  this  sophisti- 
cation ;  10  cc.  of  the  wine  are  treated  with  0.5  cc.  of  caustic  soda 
solution,  and  then  i  cc.  of  hydrogen  dioxide  added,  and  the 
mixture  is  shaken.  If  the  wine  is  doctored,  the  test  assumes  a 
mahogany-red  color. 

K.  H.  Richards,  Reviewer. 

Standard  Method  of  Water  Analysis.  By  George  W.  Ful- 
ler. Eng.  Record,  44,  296-299. — This  paper  is  a  report  made 
to  the  chemical  and  bacteriological  section  of  the  American 
Public  Health  Association  by  a  committee.  The  work  under- 
taken is  indicated  by  the  title  and  is  an  excellent  example  of 
what  may  be  accomplished  by  cooperation. 

The  Estimation  of  Carbonic  Acid  in  Water.  By  Joseph  W. 
Ellms  AND  J.  C.  Beneker.  /.  Am.  Chem,  Soc,  23,  405--431. 
— The  paper  gives  detailed  statements  of  experiments  upon  three 
methods  of  determining  carbonic  acid,  resulting  in  a  recommenda- 
tion of  that  known  as  the  Lunge-Trillich  or  Seyler  method,  in 
which  the  free  carbonic  acid  is  titrated  with  sodium  carbonate 
with  the  help  of  phenolphthalein. 
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F.  H.  Thorp,  Revibwkr. 

The  Chemistry  of  Deposits  in  Steam   Boilers.     By  W.  E. 

RiDENOUR.  /.  Franklin  Inst,,  152,  11 3-1 18. — An  analysis  of 
Schuylkill  river  water  is  gi<^en,  together  with  a  calculation  in 
which  it  appears  that  a  thousand  horse-power  plant,  evaporating 
4  gals,  per  horse-power  per  hour,  deposits  671  lbs.  of  sediment 
per  month  of  twenty-six  working  days.  The  author  divides 
boiler  deposits  into  four  classes  :  ( i )  the  calcium  sulphate  scales; 
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(2)  the  calcium  carbonate  scales  ;  (3)  the  silicate  scales;  and  {4) 
the  magnesia  scales.  The  properties  of  these  four  scales  are  dis- 
cussed briefly  and  analyses  of  typical  scales  in  each  class  are  given. 
The  silicate  scales  contain  calcium  silicate,  supposed  to  be  formed 
during  violent  boiling  under  pressure,  by  reaction  between  free 
silicic  acid  and  the  calcium  carbonate  in  the  water.  Analyses  of 
a  Pennsylvania  water  containing  silica,  and  of  the  scale  which 
formed  from  it  are  given,  and  it  appears  that  the  calcium  carbon- 
ate present  in  the  water,  completely  disappeared  before  the  for- 
mation of  the  scale.  No  characteristic  physical  appearance  could 
be  attributed  to  the  silicate  scales.  It  is  also  shown  that  an  opin- 
ion of  the  water  supply  should  not  be  based  on  the  analysis  of  a 
single  sample  of  the  scale,  for  this  differed  in  the  various  parts  of 
the  boiler  ;  a  sample  from  near  the  feed-pipe  contained  mainly 
calcium  carbonate,  precipitated  by  the  volatilization  of  the  free 
carbonic  acid,  when  the  water  first  encounters  the  heat,  while 
the  scale  from  the  bottom  plates,  the  hottest  part  of  the  boiler, 
showed  a  large  percentage  of  calcium  sulphate. 

The  Portland  Cement  Industry  in  New  York.  By  Edwin 
C.  Eckel.  Eng.  News,  459  365-367.  A  summary  of  the  early 
history  of  the  industry  is  g^ven,  followed  by  descriptions  of  the 
material  used  at  each  of  the  several  plants  in  the  state  and 
analyses  of  their  products.  The  technology  of  Portland  cement- 
making,  as  carried  on  in  these  plants,  is  discussed  and  it  appears 
that  there  is  considerable  diversity  in  the  methods  employed. 
The  rotary  furnace,  the  ball  mill,  and  the  tube  mill  are  meeting 
with  constantly  increasing  favor. 

The  Purification  of  Acetylene  Qas.  By  George  W.  Kuchler. 
Eng,  Rev,,  9«  21-22. — This  is  a  popular  article  recommending 
the  use  of  **puratylene'*  for  the  removal  of  hydrogen  sulphide 
and  phosphide  from  crude  acetylene  gas,  generated  from  calcium 
carbide.  It  is  claimed  that  the  presence  of  phosphoretted  hydro- 
gen, especially,  g^ves  the  gas  a  foul  odor,  leads  to  obstruction  of 
the  burners  through  deposition  of  carbon,  and  renders  the  gas 
self-inflammable.  Puratylene  is  a  special  preparation  of  chloride  of 
lime,  which  consists  of  porous  lumps,  thus  admitting  of  intimate 
and  thorough  contact  of  the  gas  with  the  purifying  agent.  It 
also  dries  the  gas. 

Charcoal  Production  and  Recovery  of  By-Products  in 
Qermany.  By  Frank  H.  Mason.  U,  S,  Consular  Rep.,  66, 
253-261. — This  report  gives  a  very  good  r6sum6  of  the  method 
of  distilling  wood  and  of  the  properties  and  mode  of  separation  of 
the  several  products. 

Improvement  in  Welsbach  Gaslights.  By  Prank  H.  Mason. 
U,  S,  Consular  Rep,,  66,  262-265. — In  this  report  is  described 
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the  invention  of  R.  Langhans  for  treating  the  thoria-ceria 
mantle  with  the  siHco-zirconate  of  soda,  whereby  the  mantle 
is  rendered  stronger,  the  candle-power  made  more  perma- 
nent, and  the  tendency  to  shrinkage  is  much  reduced.  The  life 
of  the  improved  mantles  is  set  at  from  eighteen  hundred  to  two 
thousand  hours. 

Electrolysis  in  Bleaching  Textiles.  By  Ernkst  L.  Harris. 
U,  S,  Consular  Rep, ,  66,  265-270. — The  report  consists  of  a  de- 
scription of  the  apparatus  of  Oettel,  Haas,  and  Stahl  for  produ- 
cing *'chemic"  or  sodium  hypochlorite  liquor  for  bleaching. 
Illustrations  of  the  apparatus  are  included. 

Utilization  of  the  Waste  from  the  Use  of  White  Metals.    Bv 

Joseph  Richards.  /.  Franklin  Inst,,  151,  445-455;  152,59-63. 
— ^The  paper  deals  with  the  recovery  or  utilization  of  silver,  tin, 
zinc,  antimony,  bismuth,  lead,  and  mercury,  from  the  various 
wastes  produced  in  the  arts.  Scrap  tin  as  tin  plate  averages 
about  3  per  cent,  tin,  while  the  cleaned  iron  has  value  for  pud- 
dlers'  use.  The  tin  clippings,  held  in  a  wooden  cage,  were  im- 
mersed in  a  cask  containing  hydrochloric  acid  for  ten  minutes,  or 
until  the  tin  was  dissolved.  The  cleaned  scrap  was  washed  in 
water,  immersed  in  a  tank  of  lime  water,  washed  again,  and 
dipped  into  copper  sulphate  solution  for  a  short  time.  The  film 
of  copper  sulphate  deposited  on  the  iron  in  this  way,  prevented 
rusting.  The  iron  was  then  worked  into  blooms  for  sheet  metal. 
The  acid  finally  became  neutralized  and  yielded  a  solution  of  tin 
chloride.  Into  this  solution  the  wooden  cage,  now  filled  with 
scraps  of  galvanized  iron,  was  put,  whereby  metallic  tin  was  pre- 
cipitated by  the  zinc,  and  a  solution  of  zinc  chloride  obtained. 
The  precipitated  tin  was  melted  into  ingots,  and  sold,  about  600 
pounds  being  obtained  from  10  tons  of  scrap.  The  zinc  chloride 
liquor  was  sold  for  disinfectant  purposes  and  for  fire-proofing 
wood.  It  is  now  proposed  to  deposit  the  tin  electrolytically. 
Galvanizing  wastes  consist  of  sal-ammoniac  skimmings  composed 
of  zinc  oxide  and  the  double  chloride  of  zinc  and  ammonium  ;  of 
zinc  skimmings,  containing  zinc  oxide  and  metallic  zinc  pellets  ; 
and  of  zinc  dross,  composed  of  an  alloy  of  zinc  and  iron.  The 
sal-ammoniac  skimmings  were  leached  with  hot  water  and  steam, 
recovering  a  solution  of  the  zinc  and  ammonium  chlorides,  which 
was  evaporated  and  recrystallized  for  use  in  the  bath  a  second 
time  ;  the  residue,  consisting  of  zinc  oxide  and  metallic  shot,  was 
put  into  a  tumbling  barrel  having  fine  openings  through  which 
the  oxide  escaped  as  powder,  leaving  the  clean  shot  for  remelting. 
The  oxide  was  sent  to  the  makers  of  zinc  white.  The  treatment 
of  the  zinc-iron  dross  required  much  experimenting.  By  blowing 
in  superheated  steam  and  adding  sulphur,  the  iron  was  separated. 
Cyanides  had  the  same  effect ;  so  the  dross  was  treated  with  ma- 
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terials  which  form  steam  aud  cyanides.  A  mixture  of  sulphur, 
potatoes  (for  their  water  content)  and  leather  scrap  was  injected 
into  the  molten  metal  and  boiled  fifteen  minutes  ;  finally  a  defi- 
nite, small  amount  of  aluminum  was  added  to  deoxidize  and  ren- 
der the  metal  perfectly  fluid  before  it  was  bailed  into  molds. 
The  addition  of  5-10  per  cent,  aluminum  also  improves  the  gal- 
vanizing bath.  Electricity  was  used  in  refining  the  zinc  and 
yielded  very  pure  metal,  but  was  not  a  success  financially.  Mer- 
cury was  removed  from  old  zinc  by  refining  as  above  in  a  covered 
pot  having  a  condenser  attached.  The  mercury  distilled  ofiF  read- 
ily. Zinky-lead  was  melted  and  allowed  to  stand,  the  zinc  rose 
and  the  lead  settled  to  the  bottom.  Keeping  the  heat  just  high 
enough  to  melt  the  lead,  the  floating,  pasty  zinc  was  skimmed  off, 
and  the  lead  cast  into  ingots.  The  lead  contained  about  3  per  cent, 
zinc,  but  was  useful  in  many  ways.  Britannia  metal  and  pewter 
which  had  been  silver-plated  were  stripped  by  dipping  into  nitric 
acid,  and  the  silver  was  recovered  by  precipitation  with  salt  and  re- 
duction with  carbon.  The  residue  of  tin,  lead,  and  antimony  is  used 
for  type  and  Babbitt  metals,  the  requisite  amount  of  tin,  lead,  or 
antimony  being  added  to  correct  the  composition.  Oxide  skim- 
mings from  solder-making  were  washed  to  recover  dean  shot 
metal  and  then  reduced  with  carbon.  The  crude  metal  was 
treated  with  zinc  sulphate  to  remove  arsenic,  with  sulphur  to  re- 
move antimony,  and  with  superheated  steam  to  separate  the  iron. 
A  continuous  furnace  was  devised  to  do  this,  the  copper  and  iron 
being  partly  slagged  out  and  the  other  impurities  volatilized. 
The  crude  metal  is  liquated  on  an  inclined  hearth,  separating  from 
the  residue  of  copper,  iron,  and  antimony.  The  copper  and  anti- 
mony residues  are  used  for  Babbitt  metal,  or,  if  containing  an 
excess  of  copper,  they  are  used  in  brass. 

Soil  Solutions.  By  F.  K.  Cameron.  U.  5.  Dept,  Agr,, 
Div,.  SoilSy  BtUl,  17. — In  this  bulletin  are  considered  the  na- 
ture and  functions  of  soil  solutions  and  the  classification  of  alkali 
soils.  The  occurrence  of  small  spots  of  alkali  in  the  humid  re- 
gions is  also  noted. 

Solution  Studies  of  Salts  Occurring  in   Alkali  Soils.     By 

Frank  K.Cameron,  Lyman  J.  Briggs,  and  Atherton  Seidell. 
U.  S.Dep't,  Agr, ,  Div,  of  Soils,  Bull,  18. — The  following  problems 
form  the  basis  of  these  investigations  :  ( i )  the  equilibrium  be- 
tween carbonates  and  bicarbonates  in  aqueous  solution;  (2) 
solubility  of  gypsum  in  aqueous  solutions  of  sodium  chloride  ;  (3) 
solubility  of  gypsum  in  aqueous  solutions  of  certain  other  electro- 
lytes ;  (4)  solubility  of  calcium  carbonate  in  aqueous  solutions  of 
certain  electrolytes  in  equilibrium  with  atmospheric  air  ;  (5)  chem- 
ical examination  of  alkali  soils  ;  and  (6)  estimation  of  carbonates 
and  bicarbonates  in  aqueous  solution. 
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Process  of  Purifying  Bauxite.  By  Charles  M.  Hall.  U.  S  . 
Pat.  Nos.  6yj2oy,  6jy2o8,  678732, — The  object  of  the  invention 
is  to  obtain  a  pure  ahtmina  suitable  for  reduction  in  the  electric 
furnace,  from  impure  bauxite  containing  silicon,  as  silicate  of 
aluminium  or  other  form,  titanium,  or  iron.  The  process  consists 
in  fusing  the  bauxite  with  very  little  or  no  flux,  in  an  electric 
furnace  and  subjecting  it  to  a  reducing  action  for  sufiBcient  time 
to  reduce  the  impurities,  leaving  the  greater  part  of  the  alumina 
unreduced.  The  impurities  are  caused  to  combine  with  a  heavy 
metal  such  as  iron,  to  form  an  alloy  which  segregates  from  the 
fused  alumina,  and  may  be  removed.  Bauxites  containing  iron 
in  considerable  amount  furnish  sufficient  metal  to  alloy  directly 
with  the  impurities.  But  if  the  iron  content  is  small,  it  is  best  to 
add  more  metal  or  oxide  to  alloy  with  the  reduced  silicon  and 
titanium.  The  bauxite  is  mixed  with  5  to  10  per  cent,  of  carbon 
(powdered  coke,  charcoal)  and  calcined  to  remove  water.  During 
calcination  some  iron  is  reduced  to  metal  or  lower  oxides,  thus 
lessening  the  work  to  be  done  in  the  electric  furnace.  The  cal- 
cined bauxite  is  then  mixed  with  more  powdered  carbon  to  bring 
the  total  amotmt  to  8  or  10  per  cent,  and  transferred  to  an  elec- 
tric furnace,  which  is  lined  with  carbon.  Very  impure  bauxite 
requires  a  higher  percentage  of  carbon,  but  a  large  excess  must 
be  avoided  as  it  wastes  alumina  and  causes  difficult}'^  in  the  pro- 
cess. When  the  silicon  and  titanium  are  reduced  and  alloyed, 
the  alumina  is  removed  from  the  furnace. 

Fertilizers.  Lab.  Inland  Revenue  Dept.,  Canada,  Bull.,  75; 
Me.  Agr.  Exp.  Sta.  Bull.,  74;  N.  C  Sta.  Bull.,  176,  15-22; 
Bull.,  177,  37-97;  Wash.  Sta.  Bull.,  96  \  Ky.  Sta.  Bull,,  90; 
Penn.  Dept.  Agr.  Bull.,  72  ;  Vt.  Sta.  Bull.,  86  ;  Mass.  Hatch  Sta. 
Bull.,  74  ;  Md.  Agr.  College  Bull..  11  ;  N.  C.  Bd.  Agr.  Bull.,  22  ; 
La.  Sta.  Bull.,  63,  483-576,  592-595  ;  IVis.  Sta.  Rep.,  1900, 
yS^ySJ  "^y-  ^^^  Bull.,  88,  125-173;  5.  C.  sta.  Bull.,  64. 

Report  of  Analyses  of  Paris  Qreen  and  Other  Insecticides 
in  1900.  By  L.  L.  VanSlyke  and  W.  H.  Andrews.  A^.  Y. 
Sta.  {Geneva)  Bull.,iqQ,  283. — Twenty-two  samples  of  Paris 
green  and  a  number  of  proprietary  insecticides  were  examined. 
Some  variation  was  found  in  the  arsenic  content  of  the  greens, 
but  the  commercial  article  was  considered  quite  satisfactory. 
Microscopic  examinations  of  the  greens  as  a  test  of  their  purity 
gave  no  satisfactory  results. 

riarls.  By  II.  A.  Huston,  W.  J.  Jones  and  A.  H.  Bryan. 
Ind.  Sta.  Rep.  1900,  76-77. — This  is  a  study  of  the  marls  found 
in  the  State,  with  analyses  of  several  of  them  and  a  discussion  of 
their  use  in  fertilizer-  and  cement-making. 
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Utilization  of  5u£:ar-Beet  Wa^te.  By  Max  J.  Beahr. 
U.  S.  Consular  Rep,  ^  66,  357-360. — The  question  of  utilizing  the 
leaves  and  beet  heads  which  are  cut  o£F  when  the  beets  are 
gathered,  has  been  solved  to  a  certain  extent  in  the  past,  by 
leaving  the  material  on  the  ground  for  fertilizing.  It  has  not 
been  available  for  cattle  food  because  of  the  dirt  with  which  it  is 
mixed,  and  when  put  into  a  silo,  the  fermentation  causes  very 
great  loss  of  structural  constituents.  Moreover,  the  fresh  leaves 
contain  oxalates  of  sodium  and  potassium,  which  act  as  poisons 
when  fed  to  animals.  But  it  is  said  that  mixing  lime  with  the 
leaves  in  the  silo  or  adding  it  to  the  food,  makes  it  available  as 
food  for  stock.  A  process  for  drying  this  waste  has  been 
recently  patented  which  makes  possible  its  utilization  as  fodder. 
The  material  is  dried  by  hot  air  in  a  revolving  drum  and  the 
oxalates  are  said  to  be  decomposed  by  this  process,  and  yet  the 
sugar  content  preserved.  The  leaves  are  then  sliced  into  thin 
sections  and  the  drying  completed.  The  sand  and  earth  are 
shaken  out  of  the  mass  during  the  process  of  drying. 

Artificial  Stone.  By  John  L.  Bittinger.  U.  S,  Consular 
Rep,y  66,  361-362. — This  is  an  account  of  the  invention  of  W. 
Owen,  whereby  quartzose  sand  and  powdered  hydraulic  lime  are 
mixed  dry,  packed  tightly  in  strong  steel  molds  and  placed  in 
boiling  water  under  pressure  of  60-70  lbs.  per  square  inch.  The 
water  slakes  the  lime,  which  by  its  expansion,  exerts  great 
pressure  on  the  mold.  When  the  lime  is  completely  slaked,  the 
Qiold  is  opened  and  the  contents  present  much  the  appearance  of 
solid  stone. 

ilond  Fuel  Qas  in  Great  Britain.  By  James  Boyle.  U,  S. 
Consular  Rep,,  66,  515-517. — This  report  contains  a  fairly  com- 
plete description  of  the  Mond  gas  producer,  with  some  details  as 
to  the  use  of  the  gas. 

The   ilanufacture  of    Bronze  Powders   In  Germany.     By 

Frank  H.  Mason.  U.  S,  Consular  Rep,,  67,  65-68. — These 
powders  are  produced  from  leaves  of  **  Dutch  metal,'*  an  alloy  of 
copper  and  spelter  (^impure  zinc).  The  copper  and  spelter  are 
melted  together  in  graphite  crucibles  holding  400  lbs.  of  the  alloy ; 
this  is  cast  into  ingots  2  feet  long  by  half  an  inch  thick.  These 
rods  are  rolled  cold,  into  ribbons  which  are  annealed  over  a  wood 
fire  to  avoid  discoloration  by  sulphur.  After  softening  they  are 
cleaned  in  an  acid  bath,  cut  up  and  put  under  hammers,  and 
beaten  into  thin  foil. .  The  foil  is  again  annealed  and  then  beaten 
into  leaf  metal  by  hand.  The  powders  are  made  by  grinding  the 
leaf  metal  into  impalpable  powder.  Some  olive  oil  having  been 
added,  the  grinding  is  continued  for  one  to  four  hours  ;  then  the 
excess  of  oil  is  removed  by  heating  under  pressure,  and  the  pow- 
der graded  by  putting  it  into  a  centrifugal  machine  and  whirling. 
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the  powder  depositing  on  enclosed  shelves  according  to  its  gravity, 
the  finest  dust  on  top,  and  the  coarser  material  at  the  bottom. 
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A.  G.  Woodman,  Rbvxbwbr. 

On  the  Toxic  Value  oi  Mercuric  Chloride  and  Its  Double 
Salts.  By  JuDSON  F.  Clark.  /.  Phys,  Chem,,  5,  289-316. — 
The  author  finds  that  the  toxic  effect  of  very  dilute  mercuric 
chloride  solutions  upon  molds,  yeasts,  bacteria,  or  phanero- 
gams, is  greatly  increased  by  the  first  additions  of  alkali - 
metal  chlorides  or  hydrochloric  acid,  but  is  decreased  by 
much  larger  additions.  As  the  mercuric  chloride  becomes  more 
concentrated,  the  increase  due  to  the  added  substance  becomes 
less,  and  finally  disappears  ;  and  mixtures  of  mercuric  and  sodium 
chlorides  were  prepared  which  actually  became  more  toxic  when 
largely  diluted.  The  author  attributes  the  increase  in  toxicity 
caused  by  the  first  additions  of  substance,  to  the  complex  ions 
(HgCl/')  and  the  subsequent  decrease  to  the  conversion  of  these 
into  the  undissociated  complex  salt  (Na^HgClJ. 

On  Bilirubin,  the  Red  Colorins-Matter  of  the  Bile.   By  W.  R. 

Orndorff  and  J.  E.  Teeple.  Am.  Chem.J,,  a6|  86-92. — Bil- 
irubin, prepared  from  ox  gall-stones,  was  purified  and  finally 
crystallized  from  pure  dimethyl  aniline.  The  product  was  com- 
pletely soluble  in  chloroform  and  left  no  residue  on  ignition.  The 
nitrogen  in  it,  determined  by  the  Kjeldahl  and  by  the  absolute 
method,  was  9.21  per  cent.,  the  theory  for  (C,.H,gN,Oj);r,  re- 
quiring 9.81.  The  results  of  analysis  agreed  fairly  well  with  the 
formula  Cs^Hj^N^O..  Attempts  to  determine  the  molecular  weight 
of  bilirubin  were  unsuccessful.  Experiments  made  to  learn  its 
exact  constitution  indicated  that  it  contains  neither  an  alkoxy 
group  nor  crystal  alcohol.  Studies  in  this  direction  are  still  in 
progress. 

Studies  on  the  Vegetable  Proteids.  By  Thomas  B.  Osborne. 
Ann.  Rep.  Conn.  Agr.  Expt.  Sta.,  1900,  388-471. — In  continua- 
tion of  his  valuable  work  on  the  vegetable  proteids  the  author  has 
made  a  special  study  of  the  globulin  edestin,  which  offers  excep- 
tional advantages  for  investigation.  The  reactions  of  edestin 
with  definite  quantities  of  acids  and  alkalies  have  been  closely 
studied  and  the  basic  character  of  the  proteids  more  firmly  estab- 
lished. The  amount  of  total  and  of  loosely  bound  sulphur  in  a 
number  of  proteids  has  been  determined.  For  a  detailed  account 
of  the  methods  employed  and  the  results  attained  reference  should 
be  made  to  the  original  paper. 

The  Chemical   Nature  of   Enzymes.     By   P.  A.    Levene. 
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/.  Am,  Chem,  Soc,  23,  505-508. — The  claim  has  recently  been 
put  forward  by  Friedenthal  that  the  enzymes  possess  the  nature 
of  nudeo-proteids.  This  is  contradicted  by  the  author,  whose 
experiments  on  the  self-digestion  of  trypsin  showed  that  after  six 
weeks  nucleo  compounds  were  entirely  decomposed  but  the  solu- 
tion still  possessed  tryptic  activity.  Only  those  solutions  were 
active  which  gave  a  biuret  test,  which  would  seem  to  indicate  the 
proteid  nature  of  trypsin. 

Note  on  the  Analysis  of  Nucleic  Acids  Obtained  from 
Different  Sources.  By  P.  A,  Levene.  /.  Am,  Chem,  Soc,  23, 
486-487. — The  analysis  of  vitellinic  and  ichtulinic  acids  showed 
that  these  two  paranucleic  acids  of  divergent  origin  have  practically 
the  same  composition.  The  nucleic  acids  analyzed  were  those  of 
the  cod-fish  pancreas  and  sperm,  and  of  the  Bacillus  tuberculosis. 
The  glycogen  which  precipitates  with  nucleic  acid  from  tissues 
can  be  removed  by  means  of  copper  chloride  with  which  the 
nucleic  acid  forms  a  salt  insoluble  in  water,  while  the  glycogen 
copper  compound  is  soluble. 

On  the  Excretion  of  Kynurenic  Acid,  II.  By  I^afa- 
YETTE  B.  Mendel  and  Edward  C.  Schneider.  Am.  J, 
Physiol, ,  5,  427-456. — Kynurenic  acid  is  regularly  found  in  the 
urine  of  fasting  dogs.  It  is  always  present  when  the  putrefactive 
processes  in  the  intestine  have  been  completely  checked  by  calomel, 
and  the  excretion  of  it  is  augmented  by  iodoform.  With  salol  and 
naphthalene  the  output  is  checked.  Poisons  like  phosphorus  and 
phlorhizin,  which  stimulate  proteid  katabolism,  greatly  increase 
the  output  of  kynurenic  acid.  The  acid  is  not  obtained  after 
feeding  elastin,  hydrated  cartilage,  ovomucoid,  or  thymus  alone, 
these  substances  producing  effects  comparable  to  that  of  gelatin, 
but  is  obtained  after  the  ingestion  of  pancreatic  and  lymphatic 
glands,  blood-fibrin  and  the  pure  vegetable  proteid  amandin. 
When  proteids  are  broken  down  beyond  the  point  where  products 
giving  the  biuret  reaction  are  present,  the  organism  no  longer  re- 
sponds in  the  usual  way  and  kynurenic  acid  is  not  formed.  At- 
tempts to  obtain  evidence  of  the  synthesis  of  kynurenic  acid  from 
tyrosin  under  various  conditions  failed. 

A  Preiimfnary  Report  on  tlie  Active  Principle  of  tlie  Su- 
prarenal Qland.  By  T.  B.  Aldrich.  Avi,  J,  Physiol,,  5, 
457-461. — The  author  has  separated  in  a  pure  form  the  active 
principle  of  the  suprarenal  gland,  described  by  Takamine  (  Ther- 
apeutic Gazette,  1 901,  221),  under  the  name  "Adrenalin."  An 
analysis  of  the  substance  gave  the  following  figures  :  C  =  57.89; 
H  =  7.23;  N=^7.5o;  0=27.27.  The  simplest  body  calculated 
from  these  data  has  the  empirical  formula,  C^H^NO,.  The  sug- 
gestion is  made  that  the  active  principle  of  this  gland  is  connected 
with  the  '*  epinephrin  *'  of  Abel. 
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The  Formation  of  Allantoin  from  Uric  Acid  in  the  Animal 
Body.  By  Robert  E.  Swain.  Am,  J,  Physiol, ,  6,  38-47.— The 
author  has  shown  experimentally,  as  has  been  demonstrated  pre- 
viously by  others,  that  allantoin  is  excreted  by  the  dog  after  in- 
gestion of  uric  acid.  Considerable  amounts  of  the  latter  sub- 
stance, however,  may  go  beyond  the  allantoin  stage.  After  uric 
acid  feeding  the  output  of  uric  acid  in  the  urine  is  only  slightly 
increased. 

Some  Decomposition  Products  of  the  Crystallized  Veg- 
etable Proteid  Edestin.  Bv  P.  A.  Levkne  and  Lafayette 
B.  Mendel.  Am,  J,  Physiol. ,  6, 48-52. — It  is  shown  that  edestin 
resembles  the  ordinary  animal  proteids  in  yielding  the  three  known 
hexon  bases,  arginin,  lysin,  and  histidin,  and  differs  from  the  al- 
cohol-soluble proteids  of  vegetable  origin  which  fail  to  yield  lysin 
among  their  decomposition  products. 

Some  Points  in  the  Early  History  and  Present  Condition 
of  the  Teaching  of  Chemistry  in  tlie  Medical  Schools  of 
the  United  States.  By  J.  H.  Long.  Science,  14,  360-372.— 
This  most  interesting  historical  sketch  and  discussion  of  present 
conditions  constituted  the  vice-presidential  address  before  the 
Section  of  Chemistry  at  the  Denver  meeting  of  the  American 
Association  for  the  Advancement  of  Science.  It  is,  unfortunately, 
impossible  to  review  it  adequately. 

The  Origin  of  Oxalic  Acid  from  Protein  and  Pxotein  De- 
rivatives. By  Arthur  E.  Austin.  Boston  Med,  Surg,  /., 
145,  181-186. — Laboratory  tests  and  feeding  experiments  are 
described  which  indicate  that  oxalic  acid  is  derived  from  the 
carbohydrate  group  in  albumins,  first  passing,  however,  through 
the  stage  of  glycocoU,  the  remainder  of  the  protein  being  con- 
verted to  urea.  This  process  is  essentially  a  vital  one  though 
imitated  by  strong  oxidizing  agents.  Oxalic  acid  may  also  be 
derived  from  uric  acid  by  fermentative  action  and  oxidizing 
agents,  possibly  also  by  vital  processes.  It  is  probable  that 
oxalic  acid  is  a  metabolic  product,  being  present  in  many  organs 
of  the  body,  practically  absent  in  the  solid  excretion  of  animals 
fed  on  foods  which  do  not  contain  it,  yet  found  always  in  the  urine 
after  long  periods  of  fasting. 
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Note  on  the  Variation  of  the  Specific  Heat  of  Water  between 
o*^  and  loo^  C.  By  H.  L.  Callendar  and  H.  T.  Jarnes. 
Phys,  Rev.,  lo,  202-214. — The  method  used  consisted  in  measur- 
ing, by  means  of  a  pair  of  differential  platinum  thermometers,  the 
rise  of  temperature  in  a  continuous  stream  of  water,  which  was 
heated  by  a  constant  electric  current  of  measured  intensity  and 
potential,  passed  through  a  platinum  wire  in  the  axis  of  the  flow- 
ing water.  Assuming  Lord  Rayleigh's  value  of  the  electrochem- 
ical equivalent,  and  Kahle's,  and  Carhart  and  Guthe's  value  for 
the  Clark  cell,  the  authors*  value  of  the  calorie  at  20*^  coincides 
with  that  of  Rowland  (4. 181  joules).  The  following  values  of  it 
at  different  temperatures  are  deduced  by  the  authors  from  their 
measurements,  which  were  made  at  temperatures  between  0°  and 

10°  4.190  30°  4.176  70°  4.188 

15°  4.185  40°  4.174  80°  4.195 

20°  4. 181  50°  4.176  90°  4.203 

25^'  4.178  60°  4. 181  100°  4.212 

The  minimum  value  lies  at  about  40°.  Below  10*^  the  value 
increases  very  rapidly,  becoming  about  4.23  at  the  freezing-point. 

On  the  Temperature  of  the  Acetylene  Flame.  By  Edward 
L.  Nichols.  Phys.  Rev.^  10,  234-252. — By  using  thermo-elec- 
tric junctions  of  varying  cross-section  and  extrapolating  for  zero 
cross-section,  the  author  finds  the  maximum  temperature  in  the 
acetylene  flame  to  be  about  1900^,  in  the  flat  luminous  flame  of 
illuminating  gas,  1780*^,  and  in  acandle  flame,  1670°,  the  melting- 
point  of  pure  platinum  being  taken  as  1775°. 

On  the  Qas  Thermometer  at  High  Temperatures.    By  Lud- 

WIG  HOLBORN    AND    ARTHUR   L.    Day.      Am.  J.  Sci.,  160,  171- 

206. — With  reference  to  high-temperature  thermometry,  the  au- 
thors have  determined  the  expansion  from  250*^-1000°  of  pure 
platinum,  of  a  platinum-iridium  alloy  with  20  per  cent,  iridium, 
and  of  Berlin  porcelain  ;  have  compared  up  to  1 100 **  a  platinum 
— platinum-rhodium  thermo-element  with  a  nitrogen  thermome- 
ter having  a  platinum-iridium  bulb  ;  have  calculated  from  this 
comparison  and  their  previous  measurements  the  relation  between 
electromotive  force  and  temperature  for  this  and  four  other  ther- 
mo-elements  composed  of  various  platinum  metals  ;  and  have  de- 
termined the  melting-points  of  eight  metals  either  by  the  '*  wire 
method,*'  in  which  a  short  wire  of  the  metal  to  be  melted  is  in- 
troduced into  the  hot  junction  of  the  thermo-element  itself  and  the 
electromotive  force  observed  when  the  metal  melts  and  interrupts 
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the  circuit,  or  by  the  more  exact  *'  crucible  method,"  in  which  a 
larger  quantity  of  the  metal  is  melted  in  a  crucible,  and  the 
thermo-element,  protected  by  porcelain  tubes,  is  inserted.  The 
crucible  method  was  used,  either  alone  or  with  the  wire  method, 
in  all  cases  except  that  of  gold.  The  following  melting-points, 
referred  to  the  nitrogen  thermometer,  were  obtained  : 

Cadmium 321.7^  Aluminum 657^ 

Lead 326.9  Silver 961.5 

Zinc 419-0  Gold *•  •  1064.0    . 

Antimony 630.6  Copper 1084.  i 

When  melted  in  the  air,  both  silver  and  copper  gave  lower 
values  (955**  and  1064.9**).  The  absolute  accuracy  (estimated at 
I®  up  to  1150°)  and  the  causes  of  variation  of  thermoelectric 
measurements  are  discussed. 

On  the  Melting-point  of  Qold.  By  Ludwig  Holborn  and 
Arthur  L.  Day.  Am,  J.  Sci,,  161,  145-148. — The  authors  have 
confirmed  with  a  new  sample  of  gold  both  by  the  '*  wire  method" 
and  the  **  crucible  method"  (see  preceding  review)  their  previous 
result  (1064.0)  obtained  by  the  wire  method  alone.  The  crucible 
method  gave  1063.5^  and  the  wire  method  1063.9**. 

Reaction  Velocity.  By  Robert  Hart  Bradbury.  /.  Frank- 
lin Inst.,  147,  463-474  ;  148,  65-74. — I^  these  articles  is  given  a 
clear  presentation  of  the  most  important  principles  relating  to  the 
velocity  of  the  chemical  reactions.  They  contain  nothing  origi- 
nal. 

The  Spectra  oi  Hydrogen  and  the  Spectrum  of  Aqueous 
Vapor.  By  John  Trowbridge.  Am.  J.  Sci.,  160,  222-230. — 
Experiments  with  very  powerful  condenser  discharges  have  led 
the  author  to  believe  that  the  four- line  spectrum  of  hydrogen  is 
really  due  to  aqueous  vapor,  which  is  liberated  by  such  discharges 
from  the  glass  walls  of  even  the  most  carefully  dried  tubes. 

• 

On  the  Arc-Spectra  of  Elements  of  the  Platinum  Qroup.     By 

H.  Kayser.  Astrophys.  /.,  7,  93-113;  173-197.  Arc-Spectra 
of  Vanadium,  Zirconium,  and  Lanthanum.  By  Henry  A. 
Rowland  and  Caleb  N.  Harrison.  Asirophys.  /.,  7,  273-294, 
373-389.  I.  On  the  Series  Spectra  of  Oxygen,  Sulphur,  and 
Selenium.  11.  On  the  Compound  Triplets  in  the  Line  Spec- 
trum of  Mercury.  By  C.  Runge  and  F.  Paschen.  Astrophys. 
J. ,  8,  70-101  ;  13,  49-5 1 .  A  Determination  of  tlie  Wave  L^nji^tlis 
of  tlie  Principle  Lines  in  tlie  Spectrum  of  Qallium.  By  W.  N. 
Hartley  and  Hugh  Ramage.  Astrophys.  /.,  99  214-220. 
Tlie  Present  Status  of  Kirchhoff 's  Law.  By  A.  Cotton.  Astro- 
phys. /.,  9,  237-268.  I.  On  the  Red  End  of  the  Red  Argon 
Spectrum.    II.  On  the  Spectra  of  Krypton.     III.  On  the  Spec- 


General  and  Physical  Chemistry.  189 

trum  of  Radium.  By  C.  Runge.  Astrophys,  J,,  9,281-283; 
zo,  73-79  ;  12,  1-3.  The  Effect  of  Certain  Impurities  on  the 
Spectra  of  Some  Oases.  By  Percival  Lewis.  Astrophys.  /., 
zo,  137-163 ;  12,  16-23.  ^^  ^^^  Effect  of  Pressure  upon  the 
Wave  Lengths  of  the  Lines  of  the  Hydrogen  Spectrum,  By  J. 
WiLSiNG.  Astrophys.  J,,  10,  269-271.  The  Arc  Spectrum  of 
Vanadium.  By  B.  Hasselberg.  Astrophys,  J,,  10,  343-361  ; 
XI9  67-88.  A  Second  Spectrum  of  Hydrogen  beyond  Wave 
Length  185  ///i.  By  Victor  Schumann.  Astrophys.  /. ,  11,312- 
313.  Note  on  the  Spectrum  of  Silicon.  By  Franz  Exner  and 
Eduard  Haschek.  Astrophys./.,  12,  48-49.  The  Spectra  of 
Hercury.  ,  By  W11.LIAM  B.  Hufp.  Astrophys.  /.,  la,  103-119. 
Standard  Lines  in  the  Arc  Spectrum  of  iron.  By  H.  Kayser. 
Astrophys.  J.,  12,  329-335.  The  Spectrum  of  Hydrogen  Qiven 
by  the  Metallic  Arc  of  Tin,  Copper,  Silver,  Etc  By  O.  H. 
Basquin.  Astrophys.  /. ,  14,  1-16.  The  Absorption  Spectrum 
of  Chlorine.  By  Elizabeth  R.  Laird.  Astrophys.  /.,  14,  85- 
115. — The  foregoing  list  of  titles  and  references  will  serve  to  call 
the  attention  of  those  interested  in  spectroscopic  work  to  the 
many  articles  upon  that  subject  publishM  in  the  Astrbphysical 
Journal. 

H.  M.  Goodwin,  Rbvibwbr. 

An  Hermetically  Sealed  Type  of  Clark  Standard  Cell.    By 

H.  T.  Barnes.  Phys.  Rev.,  10,  268-276. — ^The  details  of  the 
construction  of  an  hermetically  sealed  Clark  cell  are  described. 
The  type  is  that  known  as  the  (English)  **  Board  of  Trade  Crys- 
tal Cell.'*  Tbj^ advantages  claimed  are  the* absence  of  diffusion- 
lag  and  greater  s^isitiveness  to  temperature  changes  on  account 
of  its  small  size.  The. construction  permits  of  its  being  directly 
immersed  in  a  thermostat.  Between  0°  and  30®  the  following 
formula  was  found  to  express  its  electromotive  force  (E)  in  milli- 
volts : 

Et  =  Eja— 1.200  (/— 15)— 0.0062  (/— 15)'. 

This  agrees  very  well  with  the  formula  given  by  Jager  and  Kahle. 

Et  =  E,5—  1. 19  (^—  15)  —  0.007  (/—  15)". 

The  Various  Determinations  of  the  E.  M.  K  of  the  Clark 
Cell.  By  Henry  S.  Carhart.  Phys.  Rev.y  12,  i29ri36. — The 
author  reviews  the  various  determinations  of  the  electromotive 
force  of  the  Clark  cell  from  Latimer  Clark's  first  determination 
in  1872  down  to  the  recent  determinations  made  by  himself  at  the 
Reichsaiistalt.  The  following  table  contains  the  results  of  all 
important  determinations  of  this  quantity  reduced  to  common 
terms  and  15°  : 
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Observer. 

Date. 

Method. 

Renult. 

Clark 

1872 

Absolute 

14378 

Carhart 

1882 

Silver  voltameter 

'•4329 

Rayleigh 

1884 

Absolute 

1.4345 

Bttinghausen 

1884 

Silver  voltameter 

1.434 

Glazebrook  and  Skinner 

1892 

Silver  voltameter 

1.4344 

Kahle 

1896 

Absolute 

1.4322 

Jaeger  and  Kahle 

1898 

Silver  voltameter 

1.4328 

<<         (1       (< 

1899 

Silver  voltameter 

1.4329 

Carhart  and  Guthe 

i8go 

Absolute 

1.4333 

Omitting  Clark's  determination,  as  his  cells  are  not  strictly  com- 
parable with  the  others  on  account  of  the  use  of  boiled  solutions 
of  zinc  and  mercurous  sulphate,  the  mean  of  the  remaining  three 
absolute  determinations  is  1.4333  volts  at  15®.  From  this  it  would 
appear  that  the  electromotive  force  of  the  Clark  cell  at  15°  is 
nearer  1.433  volts  than  1.434  volts. 

The  Effect  of  Gravity  and  Pressure  on  Electrolytic  Action. 

By  RoLLA  R.  Ramsey.  Phys.  Rev,,  13,  1-31. — When  a  metal 
is  transferred  electrolytically  from  anode  to  cathode,  the  work 
done  is  different  when  the  transfer  takes  place  vertically  upward 
against  gravity  than  when  the  electrodes  are  placed  horizontally. 
If,  therefore,  an  electrolytic  cell,  in  which  a  current  is  flowing,  be 
suddenly  rotated  from  a  horizontal  to  a  vertical  position,  a  counter 
electromotive  force  should  be  developed,  as  was  first  pointed  out 
by  Maxwell  in  1878.  This  prediction  was  later  verified  by  ex- 
periments of  the  electrolysis  of  chlorides  of  the  metallic  earths. 
These  experiments  are  reviewed  in  an  introductory  historical 
summary.  The  original  experiments  described  in  this  paper  are 
on  the  effect  of  gravity  on  the  electromotive  force  during  the 
electrolysis  of  zinc  or  cadmium  sulphate  solutions.  With  a  10 
per  cent,  zinc  sulphate  solution  the  electromotive  force  of  polari- 
zation was  found  to  be  negative,  so  that  the  resulting  current 
flowed  up  the  tube  opposite  to  gravity.  This  result  is  in  agree- 
ment with  theory,  for  when  32.5  grams  of  zinc  are  carried  up 
with  the  current,  57.7  grams  of  SO4  are  carried  down  to  the  op- 
posite electrode,  and  the  electromotive  force  observed  is  due  to 
the  excess  of  the  mass  of  the  SO^  over  that  of  the  zinc.  The  re- 
sults obtained  with  cadmium  sulphate  solutions  were  more  con- 
cordant than  those  with  zinc  solutions.  With  a  10  per  cent,  solu- 
tion the  electromotive  force  per  centimeter  of  height  was  — 1.75  X 
io~*  volts;  with  a  46  per  cent,  (nearly  saturated)  solution  the  ob- 
served value  per  centimeter  of  height  was  -1-4.78  X  io~^  volts. 
The  effect  of  pressure  on  the  electromotive  force  of  various  cells 
(the  Clark,  cadmium,  calomel,  and  others)  was  also  studied  by 
connecting  two  similar  cells  in  opposition  and  varying  the  pres- 
sure in  one  of  them,  even  up  to  300  atmosperes.     In  general,  the 


General  and  Physical  Chemistry^  191 

observed  electromotive  force  of  the  combiuation  increased  linearly 
with  the  pressure  ;  but  a  copper  sulphate  cell  and  an  old  (black) 
silver  chloride  cell  were  exceptions,  the  electromotive  force  of  the 
former  diminishing  slightly  with  the  pressure,  while  that  of  the 
latter  at  first  increased  very  rapidly,  and  afterwards  diminished. 

A  New  Solution  for  the  Copper  Voltameter.  By  William 
K.  Shepard.  Am,  /.  Sci.,  162,  49-56. — In  order  to  increase  the 
limits  between  which  the  current  density  may  be  varied  in  a  cop- 
per voltameter,  the  author  has  investigated  the  eflFect  of  the  addi- 
tion of  a  small  per  cent,  of  ammo;iium  chloride  to  the  copper  sul- 
phate solution,  the  presence  of  this  salt  in  a  copper  nitrate  solu- 
tion having  been  found  by  Beach  to  increase  considerably  the 
limits  between  which  it  could  be  used.  The  solution  was  pre- 
pared as  follows  :  A  saturated  copper  sulphate  solution  was 
boiled  for  a  short  time  and  then  maintained  at  100^,  for  about  an 
hour,  in  contact  with  metallic  copper,  in  order  to  neutralize  the 
solution.  About  0.05  per  cent,  of  ammonium  chloride  was  then 
added.  Experiments  with  this  solution  showed  that  deposits  re- 
liable to  o.  I  per  cent,  could  be  obtained  with  current  densities 
varying  from  2  amperes  to  7  amperes  per  square  decimeter,  and 
at  temperatures  from  20°  to  40°. 

Polarization  and  Internal  Resistance  of  Electrol3^ic  Cells. 

By  Martin  D.  Atkins.  Phys,  Rev,,  13,  102-125,  182-192. — 
The  object  of  this  investigation  was  to  test  the  applicability  of 
Wiedeburg's  theory  of  polarization  to  various  electrolytic  cells. 
The  two  principal  problems  investigated  were  the  effect  of  cur- 
rent on  the  apparent  change  of  internal  resistance  of  a  cell  and 
the  closeness  with  which  the  formulae  derived  from  Wiedeburg's 
theory  represented  these  experimental  results.  The  apparatus 
was  so  arranged  that,  by  means  of  a  series  of  contacts  operated 
by  a  pendulum,  a  current  was  caused  to  flow  through  an  electro- 
lytic cell  and  a  known  resistance,  and  the  potential  around  each  of 
these  in  succession  was  caused  to  charge  a  condenser  which  was 
immediately  after  discharged  through  a  ballistic  galvanometer. 
The  apparent  internal  resistance  of  the  cell  was  then  compared 
with  the  values  calculated  from  the  theory.  The  principal  re- 
sults of  the  investigation  may  be  summarized  as  follows  :  i .  Elec- 
trodes of  copper  in  copper  sulphate  and  zinc  (as  amalgamated 
plates  or  as  liquid  amalgam)  in  zinc  sulphate  gave,  with  varying 
currents,  results  in  complete  agreement  with  a  formula  of  the 
Bartoli-Wiedeburg  form,  when  they  were  first  placed  in  their 
solutions.  The  internal  resistance  of  these  cells  is  therefore  con- 
stant in  accordance  with  the  assumptions  of  the  theory.  2.  Elec- 
trodes of  silver  in  silver  nitrate  and  zinc  (not  amalgamated)  in 
zinc  sulphate  also  show,  on  the  whole,  a  satisfactory  agreement 
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with  the  theory.  3.  Polished  platiuum  electrodes  in  sulphuric 
acid  do  not  agree  with  the  requirements  of  the  theory.  4.  All  of 
these  electrodes,  in  their  respective  solutions,  show  a  very  marked 
rise  in  the  apparent  resistance  on  standing,  but  the  results  do  not 
indicate  that  this  is  an  increase  of  the  real  resistance  of  the  cell. 
5.  The  experiments  made  to  test  the  effect  of  the  size  of  the  elec- 
trodes and  time  of  flow  of  current  in  the  cell  on  the  constants  of 
Wiedeburg's  formula  do  not  confirm  the  theory,  although  an 
equation  of  the  general  form  of  that  proposed  seems  to  satisfy 
best  the  curves  obtained  for  the  internal  resistance  and  polariza- 
tion of  the  cells  investigated. 

Secondary  Reactions  in  Electrolysis.  By  Joseph  W.  Rich- 
ards. /.  Franklin  Inst,  152,  201-225. — ^The  purpose  of  this 
paper  is  a  classification  of  the  numerous  types  of  secondary  reac- 
tions occurring  in  electrolysis  and  the  calculation  of  the  voltage 
necessary  to  effect  decomposition  in  any  given  case.  All  these 
calculations  are  based  on  the  application  of  the  so-called  Law  of 
Thomson  to  the  thermochemical  data  corresponding  to  the  forma- 
tion of  the  final  products  of  the  electrolysis.  The  author's  classi- 
fication of  secondary  reactions  is  practically  the  same  as  that 
given  by  Ostwald,  with  additional  sub-divisions.  It  is  as  follows  : 
(i)  The  ions  polymerize  into  more  complex  forms  ;  (2)  The  ions 
decompose  or  dissociate  into  simpler  forms  ;  (3)  The  ions  react 
with  the  electrodes ;  (4)  The  ions  react  with  the  electrolyte. 
Group  (3)  is  further  subdivided  into  reactions  at  the  anode,  and 
reactions  at  the  cathode  ;  in  either  case  the  electrode  may  be  a 
solid  or  a  liquid  ;  and  the  resulting  secondary  product  may  lie  (a) 
a  gas,  (Jb)  a  liquid,  or  (r)  a  solid,  and  maybe  either  soluble  or  in- 
soluble in  the  electrolyte.  Similarly,  under  group  (4)  are  con- 
sidered all  the  different  possibilities  in  regard  to  the  nature  of 
the  products  of  oxidizing  actions  at  the  anode,  and  reducing  ac- 
tions at  the  cathode.  Numerous  excellent  examples  are  given  to 
illustrate  each  group  of  the  above  classification. 

Electrochemical  Action.  By  C.  J.  Reed.  J,  Franklin  Inst,, 
151,  369-393,  401-413  ;  15a,  46-58.— In  these  articles  the  author 
sets  forth  at  length  his  views  regarding  the  theory  of  the  electro- 
chemical action  in  primary  batteries  and  decomposition  cells,  of 
polarization,  and  of  the  nature  of  electrolytic  conduction.  He 
does  not  consider  the  assumption  of  the  existence  of  free  ions, 
Arrhenius*  Dissociation  Theory,  or  even  the  conception  of  the 
migration  of  ions  during  electrolysis,  at  all  necessary  to  explain 
any  of  the  known  electrochemical  phenomena.  The  substitute 
which  he  offers  is  a  modified  form  of  the  time-honored  Grotthus' 
chain  hypothesis,  for  the  details  of  which  the  reader  is  referred  to 
the  original  articles. 
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Thermodynamics  of  the  Voltaic  Cell.  By  Henry  S.  Car- 
hart.  Phys.  Rev.,  xi,  1-13. — ^The  author  gives  a  deduction  of 
the  Gibbs-Helmholtz  formula  for  the  electromotive  force  of  a 
voltaic  cell  in  terms  of  the  separate  temperature  coeflBcients  of  the 
two  electrodes,  instead  of  in  terms  of  the  resultant  temperature- 
coefficient  of  the  cell.  The  formula  was  tested  by  following,  by 
means  of  thermal  couples  of  iron  and  constantan  wire,  the  tem- 
perature-changes produced  in  the  solutions  surrounding  the  elec- 
trodes of  a  Daniel!  cell.  The  two  halves  of  the  cell  were  exactly 
similar  and  were  separated  by  a  plate  of  fine  unglazed  porcelain. 
The  difference  of  temperature  per  second,  as  indicated  by  the 
junctions,  was  found  to  be  proportional  to  the  current,  as  theory 
required,  and  the  observed  value  agreed  well  with  that  calculated 
from  thermochemical  data  and  the  heat  capacity  of  the  cell. 

The   Electromotive  Force  of  fletals  in  Cyanide  Solutions. 

By  S.  B.  Christy.  Trans,  Am,  Inst,  Min,  Eng,,  30,  864-946. — 
The  first  twenty-six  pages  of  this  article  are  devoted  to  an  excel- 
lent condensed  statement  of  Nemst*s  theory  of  the  voltaic  cell, 
and  of  the  theory  of  solutions  and  electrolytic  dissociation  on 
which  the  theory  is  based.  The  reason  why  the  arrangement  of 
the  metals  in  a  voltaic  series  differs  with  the  nature  of  the  solu- 
tion with  which  they  are  in  contact  is  explained.  Particular  at- 
tention is  devoted  to  the  case  of  cyanide  solutions,  in  which  the 
ions  of  the  heavy  metals  cease  to  exist  as  such  except  in  minute 
quantities,  being  held  in  combination  as  a  part  of  a  complex 
anion.  The  experimental  part  of  the  paper  contains  the  results 
of  measurements  of  the  absolute  potential  difference  between  a 
large  number  of  metals  in  contact  with  potassium  cyanide  solu- 
tions of  concentrations  varying  from  normal  to  millionth  normal. 
The  potentials  were  measured  by  means  of  an  Ostwald  normal 
electrode ;  a  Wiedemann  galvanometer  was  used  as  measuring 
instrument,  both  the  deflection  and  Poggendorf  compensation 
method  being  employed.  The  results  are  discussed  graphically, 
first  by  the  direct  method,  i,  e,,  plotting  potential  differences  as 
ordinates  and  concentrations  as  abscissae,  and  second  by  the  loga- 
rithmic method,  that  is,  with  potential  differences  as  ordinates  and 
logarithms  of  the  concentration  as  abscissae.  By  Nernst's  theory 
the  absolute  potential  difference  {n)  between  a  metal  and  a  solu- 
tion is  given  by  the  formula  : 

p 

n  =  const.  In  -~  =  const.  —  const.  In  p, 

where/,  the  osmotic  pressure  of  the  kation,  is  proportional  to  its 
concentration  (^)  ;  hence  it  follows  that  if  n  is  plotted  as  ordi- 
nates and  In  p,  or  its  proportional  quantity  hi  c,  as  abscissae  that 
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the  points  should  lie  along  a  straight  line.  The  metals  zinc, 
copper,  gold,  silver,  lead,  mercury,  and  inm  were  investigated, 
and  the  results  discussed  in  con j  action  with  thoseof  von  Oettingen. 
In  general,  the  potential  decreased  with  increasing  dilution,  ac- 
cording to  the  logarithmic  formula  up  to  dilutions  of  1,000  to 
10,000  liters.  Beyond  this  dilution  the  potential  decreased  very 
much  less  rapidly.  The  order  of  the  metals  in  normal  cyanide 
solutions  was  found  to  be  zinc,  copper,  gold,  silver,  lead,  mer- 
cury, iron.  In  very  dilute  solutions  the  order  became  zinc,  lead, 
iron,  copper,  silver,  gold,  mercury.  The  last  part  of  the  paper  is 
devoted  to  a  consideration  of  the  question  of  the  variation  of  the 
solvent  power  of  cyanide  solutions  for  gold,  with  the  concentra- 
tion, and  with  the  amount  of  air  or  oxygen  dissolved.  Experi- 
ments on  the  solubility  of  similar  gold  strips  rotated  twenty-four 
hours  under  like  conditions  in  cyanide  solutions  of  various 
strengths  showed  no  appreciable  solvent  action  when  the  solution 
contained  less  than  o.ooi  per  cent.  The  solubility  increased 
rapidly  at  concentrations  greater  than  0.0005  normal.  The  same 
was  true  when  a  large  amount  of  air  was  present  in  the  bot- 
tles containing  the  metal  and  solution.  Experiments  show 
that  the  solvent  action  of  the  cyanide  is  unquestionably  increased 
by  the  presence  of  dissolved  oxygen,  and  that  the  reason  why  the 
solvent  action  becomes  a  maximum  in  a  5  to  10  per  cent,  solution 
is,  that  at  this  concentration  the  combined  effects  of  the  dissolved 
oxygen,  and  of  the  potential  difference  between  the  metal  and  the 
solution  attains  its  greatest  value.  The  effect  of  the  presence  of 
hydrogen  peroxide  in  solution  was  also  studied.  The  experi- 
ments described  suggest  several  interesting  lines  of  work  for 
further  investigation. 
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Potassium  Perselenate — Preliminary  Note.  By  L.  M.  Den- 
nis AND  O.  W.  Brown.  /.  Am.  Chem.  Sac.,  ^f  358-359. — 
Potassium  perselenate  was  prepared  by  the  electrolysis  of  a 
cold  saturated  solution  of  potassium  selenate  containing  free 
selenic  acid.  The  product  separates  upon  the  anode  as  a  white 
powder.  When  hot,  potassium  perselenate  oxidizes  manganese 
dioxide  to  potassium  permanganate,  and  oxidizes  thallous  and 
ferrous  sulphate  in  the  cold. 

The  Reaction  between  Chlorine  and  Ammonia.  By  Wil- 
liam A.  NoYES  AND  Albert  C.  Lyon.  /.  Am.  Chem.  Sac.,  23, 
460-463. — The  authors  have  shown  by  quantitative  experiments 
that  the  reaction  between  chlorine  and  ammonia  takes  place  ac- 
cording to  the  reaction  :    12NH3  +  6C1,  =-  N,  +  NCI,  +  qNH.CI, 
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when  the  ammonia  is  used  very  nearly  in  the  proportion  indica- 
ted. If  an  excess  of  ammonia  is  used  it  reacts  with  the  nitrogen 
trichloride,  giving  free  nitrogen  and  ammonium  hypochlorite. 

On  the  Decomposition  of  Sodium  Nitrate  by  Sulphuric  Acid, 

II.  By  C.  W.  Volnky.  /.  Am,  Chem.  Soc,  23,  489-492. — The 
author  considers  that  the  reaction  between  sulphuric  acid  and 
sodium  nitrate  takes  place  in  two  phases.  The  first  takes  place 
below  loo*',  according  to  the  reaction  : 

NaNO,  +  2H,SO,  =  NaH,(SOJ,  +  HNO, ; 

on  raising  the  temperature  the  second  phase  takes  place  accord- 
ing to  this  reaction  : 

NaH,(SO,),  +  NaNO,  =  NaH(SO,),  +  HNO,. 

The  Sulphohalides  of  Lead.  By  Victor  Lenhkr.  /.  Am. 
Chem.  Sac.,  23,  680-682. — The  sulphohalides  of  lead  are  readily 
prepared  by  dissolving  lead  sulphide  in  the  halogen  acid  and  di- 
luting this  solution  with  water.  The  chlor-  and  bromsulphide 
separate  immediately  as  red  precipitates.  An  excess  of  water 
converts  this  precipitate  into  black  lead  sulphide. 

The  Crystallization  of  Copper  Sulphate.  By  Arthur  John 
Hopkins.  Am.  Chem.  J.,  25,  413-419. — In  the  preparation  of 
crystals  of  copper  sulphate  from  20-30  mm.  in  length,  the  author 
was  guided  by  the  following  principles  :  I.  In  the  process  of  crys- 
tallizing copper  sulphate,  at  constant  room  temperature,  the  solu- 
bility is  a  constant  and  the  concentration,  minus  this  constant,  is 
the  total  weight  of  crystal  deposit.  II.  (a)  In  a  solution,  super- 
saturated in  absolute  quiet,  no  crystals  will  form.  (*)  In  a  solu- 
tion supersaturated  in  absolute  quiet,  the  number  of  crystal  points 
formed  by  the  first  disturbance  is  the  same  as  the  number  of  crys- 
tals formed,  (c)  The  ratio  between  the  number  of  crystals 
formed  and  the  weight  of  crystal  deposit  determines  the  size  of 
the  crystals.  III.  For  a  given  volume  of  solution  and  given  size 
of  crystals  and  weight  of  crystal  deposit,  the  diameter  of  the  crys- 
tallizing dish  determines  the  space  between  the  crystals.  Experi- 
ments showed  that  the  best  conditions  were  obtained  when  171 
grams  of  copper  sulphate  were  dissolved  in  water  and  15  cc.  of 
normal  sulphuric  acid,  and  the  whole  evaporated  to  less  than  340 
cc. ,  and  then  diluted  to  exactly  that  volume  with  boiling  water. 
As  the  ratio  of  the  volume  of  solution  to  the  horizontal  surface  of 
the  crystallizing  dish  is  identical  with  the  depth  of  solution,  a 
dish  26  cm.  in  diameter  was  selected  so  as  to  have  a  depth  of 
liquid  of  6.3  mm.  for  the  above  concentration.  In  order  to  ob- 
tain the  proper  number  of  crystal  points,  a  blast  of  air  was  blown 
on  the  surface  of  the  solution  until  the  desired  number  of  crys- 
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tals  were  started.  The  dish  was  then  allowed  to  stand  at  con- 
stant temperature  over  night.  On  crystallization  at  23°,  275  cc. 
of  mother-liquor  and  78  grams  of  crystals,  20-30  mm.  in  length, 
were  obtained.  In  order  to  concentrate  the  mother-liquor  to  such 
a  volume  as  to  produce  a  proportionate  crop  of  crystals,  it  was 
calculated  that  any  saturated  solution  of  copper  sulphate  must  be 
evaporated  to  67.1  per  cent,  of  its  volume. 

On  the  Formation  of  Platinum  Tetracliloride  from  Aqueous 
Hydrocliioric  Acid  by  Atmosplieric  Oxidation  in  Contact  witli 
Platinum  Black.  By  J.  W.  Mallet.  Am.  Chem.  /.,  25,  430. 
— It  was  found  that  when  platinum  black  was  washed  with  a 
fairly  strong  aqueous  solution  of  hydrochloric  acid  it  was  dis- 
solved to  a  small  extent  with  the  formation  of  platinum  tetra- 
chloride. 

On  the  Purification  of  Caesium  riaterial.  By  H.  L.  Wblls. 
Am.  Chem.  J,y  26,  265-268. — The  use  of  the  double  salt,  2CsCl. 
PbCl^,  has  been  found  very  convenient  for  the  separation  of  cae- 
sium, particularly  after  a  large  part  of  the  caesium  has  been  re- 
moved by  some  other  means.  To  accomplish  this,  the  author 
separates  the  greater  portion  in  the  form  of  the  salt  3CsC1.2SbCla, 
as  recommended  by  Godeffroy,  except  that  a  much  less  concen- 
trated hydrochloric  acid  is  used.  The  filtrate  then  carries  a  small 
amount  of  caesium,  which  is  precipitated  as  2CsCl.PbCl4  when  2 
or  3  grams  of  lead  nitrate  per  liter  are  added,  and  the  solution  is 
saturated  with  chlorine  gas.  The  caesium  in  the  antimony 
double  salt  is  recovered  by  treating  the  salt  with  boiling  dilute 
ammonium  hydroxide.  In  the  filtrate  from  the  antimonious  hy« 
droxide,  the  large  amount  of  ammonium  chloride  is  removed  by 
several  evaporations  with  strong  nitric  acid.  The  caesium  ni- 
trate can  be  further  purified  by  recrystallization,  or  by  dissolving 
the  nitrate  and  an  equivalent  weight  of  iodine  in  10  parts  of  i  :  i 
hydrochloric  acid  at  a  temperature  just  below  boiling.  On  cool- 
ing, the  salt  CsCl,I  separates,  practically  free  from  rubidium, 
lithium,  sodium,  and  potassium. 

On  a  Salt  of  Quadrivalent  Antimony.  By  H.  L.  Wblls  and 
F.  J.  Metzger.  Am.  Chem.J.,  26,  268-271. — The  double  salt 
2CsCl.SbCl4,  which  had  been  previously  made  by  Setterberg  by 
boiling  a  solution  of  antimony  trichloride  in  strong  hydrochloric 
acid,  with  antimony  pentachloride  and  caesium  chloride  in  excess, 
was  found  to  be  isomorphous  with  the  salt  2CsCl,PbCl4.  The 
color  of  the  octahedral  crystals  is  black,  but  the  powdered  crystal 
is  dark  blue. 

On  tlie  Acid  Nitrates.  By  II.  L.  Wells  and  F.  J.  Metzger. 
Am.  Chem.  J.f  26,  271-275. — In  addition  to  the  acid  nitrates  de- 
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scribed  by  Ditte,  the  authors  have  prepared  and  studied  the 
properties  of  the  new  salts,  RbNO,.HNO„  RbNO,.2HNO„ 
CsNO,.HNO„  CsNO,.2HNO,.  TlNO,.2HNO,.  The  monadd 
salts  are  readily  prepared  by  saturating  nitric  acid,  of  sp.  gr. 
1.42,  with  the  normal  nitrates  at  a  gentle  heat  and  cooling  till 
crystallization  occurs.  For  the  diacid  salts,  it  was  necessary  to 
use  nitric  acid  of  1.50  sp.  gr.  and  to  cool  in  a  freezing-mixture. 

Investigations  on  Double  Nitrates.  By  H.  I^.  Walls,  H.  P. 
Bkardslby,  G.  S.  Jameson,  and  F.  J.  Mbtzgkr.  Am,  Chem. 
/.,  a6,  275-278. — It  was  found  impossible  to  prepare  double  ni- 
trates of  caesium  and  the  bivalent  metals ;  but  with  ferric  ni- 
trate, caesium  nitrate  forms  a  yellow  deliquescent  salt,  melting  at 
33^-36 **,  having  the  composition  represented  by  the  formula 
Cs.N0,.Fe(N0,),.7H,0,  and  with  bismuth  nitrate,  colorless, 
prismatic  crystals  of  caesium  bismuth  nitrate,  2CsNO|.Bi(NO,)„ 
were  obtained  by  evaporating  a  nitric  acid  solution  of  the  two 
nitrates.  When  thallous  nitrate  is  dissolved  in  concentrated  ni- 
tric acid  by  the  aid  of  heat  a  part  of  the  salt  is  oxidized,  and  a 
thallous  thallic  nitrate  of  the  composition  2TlNO,.Tl(  NO,),  sepa- 
rates on  cooling. 

On  Caesium   Periodate  and  lodate-Periodate.     By  H.   L. 

Wells.  Am,  Chem,  J,,  26,278-281. — Caesium  periodate  was 
formed  by  adding  caesium  carbonate  to  a  concentrated  solution  of 
periodic  add.  There  was  no  evidence  of  the  formation  of  any 
other  than  the  normal  periodate.  By  dissolving  caesium  iodate 
and  periodate  in  dilute  periodic  acid,  the  iodate-periodate,  HCsIO,. 
I04.2H,0,  crystallizes  out  in  white  prisms  on  evaporation. 

On  the  Caesium-Antimonious  Fluorides  and  Some  Other 
Double  Halides  of  Antimony.  By  H.  L.  Wells  and  P.  J. 
Metzger.  Am,  J,  Sci,,  161,  451-456.— By  bringing  together 
solutions  of  antimonious  fluoride  and  caesium  fluoride  with  some 
free  hydrofluoric  acid  in  varying  proportions  the  following  double 
salts  were  isolated  :  CsF.aSbFj,  CsF.2SbF„  4CsF.7SbF„  CsF. 
SbF„  2CsF.SbF5.  The  3  :  2  type  of  salt  has  not  been  made,  and 
this  seems  the  more  remarkable  since  this  type  is  prominent 
among  the  chlorides,  bromides,  and  iodides.  The  i  :  3  and  4  : 7 
type  of  caesium  antimonious  fluoride  salts  are  not  found  among 
the  other  double  halide  salts,  and  the  3:4, 3:2, 7:3, 3:1,  and 
4 :  I  types  have  not  been  found  for  the  double  fluorides.  Cae- 
sium-antimonious  iodide,'3CsI.2SbI„  has  been  found  to  exist  in  a 
brick-red,  octahedral  form,  and  in  yellow,  hexagonal  plates.  The 
octahedral  salt  separates  from  solutions  strongly  acidified  with 
hydriodic  acid  and  the  hexagoiial  salt  from  weakly  acidified  solu- 
tions.    The  composition  of  Setterberg's  double  chloride,  CsCl. 
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SbClj,  has  been  confirmed,  but  the  corresponding  double  fluoride 
does  not  seem  to  exist.  The  only  double  fluoride  of  caesium  and 
quinquivalent  antimony  which  has  been  found  is  the  one  having 
the  composition  represented  by  the  formula  CsF.SbF^OH. 

On  a  Caesium-Tellurium  Fluoride.  By  H.  L.  Wells  and  J. 
M.  Willis.  Am,  J,  Sci,,  162,  190. — Under  the  widest  range  of 
conditions  only  one  double  fluoride  of  caesium  and  tellurium 
could  be  prepared.  The  salt,  CsF.TeF^,  crystallizes  in  large 
transparent,  colorless  needles,  and  is  readily  decomposed  by 
water. 

On  the  Double  Chlorides  of  Caesium  and  Thorium.     By  H. 

ly.  Wells  AND  J.  M.  Willis.  Am,  J.  Sd.,  162,  191-192. — On 
bringing  together  thorium  and  caesium  chlorides  in  varying  pro- 
portions, two  new  salts,  3CsCl.ThCl4.i2H,0  and  2CsCl.ThCl4. 
I  iH,0,  were  prepared.  Attempts  to  prepare  the  double  fluorides 
were  not  successful  on  account  of  the  great  insolubility  of  tho- 
rium fluoride. 
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The  Composition  of  a  Wood  Oil.  By  G.  S.  Fraps.  Am,  Chem, 
J, ,  25,  26-53. — '^^^  material  used  in  the  investigation  wasobtained 
from  a  hard-wood  tar.  The  tar,  after  distillation,  was  treated  with 
caustic  potash  and  again  distilled.  The  distillate  so  obtained, 
which  boiled  from  54°  to  210**,  was  fractionated  into  portions 
which  were  collected  at  intervals  of  5°.  As  a  result  of  a  careful 
investigation  of  the  separate  fractions,  the  following  conclusions 
are  drawn  :  The  oil  probably  contains  the  series  of  aldehydes 
C„H,nO  up  to  caproic  aldehyde.  The  quantity  of  these  com- 
pounds is  so  small,  however,  that  valeric  aldehyde  only  was  posi- 
tively identified.  Furfural  is  also  present  in  small  quantity. 
The  following  ketones  were  detected  in  the  oil :  dimethyl-, 
methylethyl-,  methyl  propyl-,  and  probably  methyl-«-butyl-  and 
diethyl  ketones.  Cyclopentanone  and  other  ring  ketones  are  also 
present.  It  contains  nitriles  in  minute  quantities  and  the  methyl 
esters  of  acetic,  propionic,  w-butyric,  and  «-valerianic  acids. 
Methyl  caproate,  heptoate,  and  isobutyrate  are  also  probably 
present.  Esters  of  unsaturated  acids,  which  were  not  identified, 
were  also  found.  The  oil  contains  methyl-,  dimethyl-,  trimethyl-, 
and  higher  f uranes.  No  di met hy lace tal  or  appreciable  quantities 
of  pyridines  or  alcohols  were  discovered.  Unsaturated  compounds 
which  unite  with  hydrochloric  acid  and  bromine  were  shown  to 
be  present.  The  oil  contains  toluene  and  xylene,  and  probably 
cumene  and  cymene.  It  also  contains  creosote  and  minute  quan- 
tities of  phenol  ethers.     The  higher-boiling  oil,  freed  from  ke- 
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tones,  aldehydes,  ethereal  salts,  and  phenols,  was  separated  into 
two  parts  by  glacial  acetic  acid,  the  one  soluble  and  the  other  in- 
soluble.    Both  parts  absorbed  bromine  readily. 
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ULTIMATE    ANALYSIS. 
P.  J.  Moore,  Reviewer. 

The  Occlusion  of  Magnesic  Oxalate  by  Calcic  Oxalate  and  the 
Solubility  of  Calcic  Oxalate.  By  Theodore  W.  Richards, 
Charles  F.  McCaffrey,  and  Harold  Bisbee.  Proc.  Am, 
Acad,,  36,  377-393. — The  authors  sum  up  the  results  of  their 
work  as  follows  :  *  *  ( i )  All  those  conditions  which  tend  to  di- 
minish the  amount  of  undissociated  magnesic  oxalate  in  a  solu- 
tion tend  to  diminish  the  amount  of  this  impurity  in  calcic  oxalate 
precipitated  from  the  solution.  (2)  Hence  evidence  is  furnished 
supporting  the  hypothesis  that  occlusion  is  a  distribution  of  an 
undissociated  substance  between  the  liquid  and  the  **  nascent  * ' 
solid  phase.  (3)  Magnesic  oxalate  is  precipitated  upon  the  cal- 
cic oxalate  after  this  is  deposited,  although  far  more  slowly  than 
while  it  is  being  deposited.  For  this  reason  the  filtration  should 
be  not  too  long  delayed.  (4)  Calcic  oxalate  is  sufficiently  soluble 
in  pure  water  to  cause  grave  inaccuracies  in  precise  quantitative 
work,  (5)  This  solubility  may  be  diminished,  but  not  wholly 
prevented,  by  an  excess  of  ammonic  oxalate  in  the  wash- water. 

(6)  By  heeding  all  these  relations,  a  reasonably  precise  separation 
of  magnesium  and  calcium  may  be  made  in  a  single  precipitation. 
The  details  are  as  follows:  The  magnesium  in  the  solution  should 
be  not  much  stronger  than  fiftieth-normal.  About  ten  times  the 
equivalent  amount  of  ammonic  chloride,  and  enough  oxalic  acid 
to  combine  with  all  the  calcium,  should  be  added  to  the  mixed 
solution.  It  is  well  to  diminish  the  dissociation  of  the  oxalic  acid 
beforehand  by  the  addition  of  two  or  three  times  its  equivalent 
amount  of  hydrochloric  acid.  To  the  boiling  mixture,  colored 
with  a  drop  of  methyl  orange,  should  be  added  slowly  a  very  di- 
lute solution  of  ammonia,  with  continual  stirring  and  occasional 
pauses.  The  final  stages  of  neutralization  should  not  be  reached 
in  less  than  half  an  hour.  When  the  neutralization  has  been  ef- 
fected, a  very  large  excess  of  ammonic  oxalate  should  be  added, 
and  the  mixture  should  be  allowed  to  stand  for  four  hours.  The 
precipitated  calcic  oxalate  should  be  thoroughly  washed  with 
water  containing  ammonic  oxalate.  The  filtrate  will  contain  all 
but  about  o.  i  or  0.2  per  cent,  of  the  magnesium,  and  the  precipi- 
tate will  contain  all  but  about  the  same  proportion  of  the  calcium. 

(7)  The  precipitate,  havitjg  been  formed  slowly  from  a  solution 
in  which  it  was  somewhat  soluble,  is  distinctly  crystalline  and  far 
more  easily  handled  than  if  it  had  been  suddenly  precipitated. 
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This  IS  a  general  effect,  which  might  render  service  in  other 


ft 


Btoamtli  Assay.  By  A.  W.  Warwick  and  T.  D.  Ktijb. 
Eng.  Min.  /.,  71,  459. — ^AbcMit  i  gram  erf  "pulp"  is  treated  with 
5  to  10  cc.  of  concentrated  nitric  acid,  and  tli^  station  evaporated 
to  dryness  on  the  hotplate.  Thereskloe  is  made  up  to  about  100 
cc.  with  boiling  water.  Five  grams  of  aaimonium  oxalate  are 
then  added,  and  the  whole  is  boiled  vigorous^  for  ^^^^^  minutes. 
The  supernatant  liquid  is  now  decanted  ofiF,  and  thl(  precipitated 
bismuth  oxalate  is  changed  to  the  basic  compound  fay  boiling 
with  two  successive  portions  of  pure  water  of  about  50  oc:.  each. 
The  basic  oxalate  is  now  dissolved  on  the  filter  in  about  5  cc  of 
warm  dilute  hydrochloric  add,  the  add  neutralized  by  ammonia, 
and  then  an  excess  of  sulphuric  add  added.  The  liberated  oxalic 
add  may  now  be  titrated  with  permanganate.  The  ammonia  is 
added  because  the  titration  in  hydrochloric  add  solution  gave  a 
poor  end-point,  while  the  direct  solution  of  the  oxalate  in  sul- 
phuric add  was  impracticable  on  account  of  the  time  required. 
The  whole  process  can  be  carried  out  within  forty  minutes,  and 
yields  results  concordant  within  o.  i  per  cent.  The  presence  of 
lead,  copper,  zinc,  arsenic,  or  tellurium  does  not  interfere  with  the 
results. 

Tlie  Electrolytic  Determination  of  Copper.  By  Thorn  Smith. 
Eng.  Min.J.^  71,  659-660. — ^The  author  considers  the  electrolytic 
method  superior  to  most  of  the  volumetric  methods  in  common 
use  for  commercial  purposes,  and  the  artide  is  mostly  devoted  to 
showing  how  successful  determinations  can  be  made  in  a  "works" 
laboratory  without  the  aid  of  expensive  apparatus  and  appliances. 
He  shows,  in  brief  outline,  how  different  ores  should  be  prepared 
for  electrolysis. 

Sampling  Pig  Iron.  By  Harrison  Bvbrktt  Ashi^ey. 
Foundry,  18,  108-109. — ^The  author  criticizes  artides  by  Scott  and 
Field  upon  the  same  subject,  and  shows  in  mudi  detail  where  he 
thinks  borings  should  be  made  in  a  pig,  in  order  to  obtain  a  fair 
sample.  The  ideas  presented  are  illustrated  by  elaborate  dia- 
grams. 

Contributions  to  the  Knowledge  of   Reversible  Reactions. 

By  W.  N.  Stuli*.  /.  Am.  Chem.  Sac,  23,  508-514. — The  author 
studies  the  action  of  hydrogen  sulphide  upon  solutions  of  zinc 
and  cadmium  in  hydrochloric  and  sulphuric  adds.  The  results  of 
his  work,  as  far  as  they  have  a  bearing  upon  chemical  analysis, 
seem  to  show  that  a  more  complete  separation  of  cadmium  from 
zinc  can  be  effected  in  sulphuric  than  in  hydrochloric  acid  solution. 
An  interesting  detail  in  this  connection  is  the  fact  that  while  cad- 
mium sulphide  is  appreciably  soluble  in  dilute  sulphuric  add,  even 
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in  the  cold,  yet  it  may  be  rendered  almost  completely  insoluble  in 
this  medium  by  keeping  the  liquid  saturated  with  hydrogen  sul- 
phide. 

Estimation  of  Hydrate  in  tlie  Presence  of  Alicali  Car- 
lionate.  By  W.  E.  Ridenour.  /.  Franklin  Inst,,  152,  119-121. 
—The  author  tests  the  method  of  P.T.  Thompson  (Sutton's  *  *  Vol- 
umetric Analysis/'  5th  edition),  and  finds  that  when  phenol- 
phthalein  is  used  as  an  indicator,  it  does  not  show  half  the  car- 
bonate under  any  circumstances.  A  definite  ratio  exists,  how- 
ever, between  the  amount  actually  present  and  that  indicated  by 
the  titration.  Correct  results  may  therefore  be  obtained  by  the 
introduction  of  an  arbitrary  factor  into  the  calculations. 

riicro-Clieniical  Analysis.  By  E.  M.  Chamot.  /.  Applied 
Microscopy,  2,  502-505  ;  3,  7i9-723»  793-796,  817-824,  849-859, 
965-969,  981-986,  1045-1051,  1077-1083  ;  4,1121-1128,  1189- 
1194,  1242-1249,  1289-1297,  i323-i330»  I373-I379»  1451-1458, 
1495-1499,  1529-1533. — The  above  references  are  to  a  long  series 
of  papers  now  appearing  in  the  journal  mentioned.  The  treat- 
ment of  the  subject  is  adapted  to  the  use  of  the  beginner  in  chem- 
ical work  with  the  microscope.  Detailed  directions  for  the  ordi- 
nary manipulations  are  followed  by  a  description  of  the  character- 
istic reactions  of  the  various  elements,  and  the  whole  is  illustrated 
by  adequate  cuts  and  diagrams.  The  reviewer  has  found  many 
of  the  suggestions  of  much  assistance  in  his  own  work,  and  it  is 
hoped  that  the  material  presented  in  this  series  of  articles  may 
later  be  published  in  the  form  of  a  laboratory  manual.  A  work 
of  this  kind  is  much  needed  in  this  interesting,  though  hitherto 
much  neglected,  field  of  analytical  chemistry. 

PROXIMATE  ANALYSIS. 
A.  H.  Gill,  Rbvzbwbr. 

The  Accuracy  of  Carbonic  Acid  Determinations  by  the  Arndt 
Gravity  Econometer.  By  A.  Bement.  Sibley  J,  Meek,  Eng,, 
15,  239-244. — The  results  show  that  the  average  of  the  readings 
of  the  instrument  agree  with  the  analyses.  It  does  not,  however, 
follow  sudden  fluctuations  in  the  chimney  gases. 

Oil  of  Walnuts.  By  L.  F.  Kebi^er.  /.  Franklin  Inst,,  151, 
394-395. — The  examination  of  two  commercial  samples  showed 
one  to  be  dilute  glycerine  flavored  with  a  menthol-like  body,  the 
other  to  be  a  mixture  mainly  of  alcohol  and  nitrobenzene.  The 
oil  expressed  froin  walnut-kernels  had  a  specific  gravity  at  15®  of 
0.926,  a  saponification  number  of  186-197,  an  iodine  value  of  142- 
152,  and  a  melting-point  of  the  fatty  acids  of  16*^-20^.  It  is  said 
to  be  imported  from  France  and  Switzerland  in  no  gallon  tuns, 
and  to  be  equal,  if  not  superior,  to  linseed  oil  in  drying  qualities. 


202  Review  of  American  Chemical  Research, 

The  Chemistry  of  Corn  Oil.  By  H.  T.  VuLTfe  and  H.  W. 
Gibson.  /.  Am,  Chem.  Sac.,  22,  453-467. — The  following  con- 
stants were  found  as  a  result  of  closely  agreeing  determinations 
on  three  different  samples. 

Sp.  gr.  15.5°.  Iodine  value.    Saponification  value.  Hehner  value. 

0.921-0.9255  II3.3-II9.7  I9'-5-I93-7  88.1-93.2 

Reichert  value.  Acetyl  value.  Maumen^  test.        Valenta  test. 

4.0-10. 1  10. 7-1 1.8  74'*-75®  44°-74° 

Phytosterol,  or  rather  the  unsaponifiable  matter,  amounted  to 
1.4  per  cent.  A  dark  brown  coloration  is  produced  by  Bechi*s 
test  and  an  intense  black  by  Brull6's  test. 

The  Nature  and  Properties  of  Com  Oil.  11.  Determination 
of  its  Constitution.  By  H.  T.  Vult6  and  H.  W.  Gibson.  /. 
Am.  Chem.  Soc,  23,  1-8.  Stearic,  palmitic,  oleic,  linolic,  ricin- 
oleic,  formic,  and  probably  caproic,  caprylic,  and  capric  acids  had 
been  previously  found  in  com  oil.  The  presence  in  it  also  of 
acetic,  hypogaeic,  and  arachidic  acids  was  proved  by  this  investi- 
gation. That  of  formic  acid  was  also  confirmed.  The  Reichert 
value  is  the  highest  of  any  seed  oil,  being  about  4.2.  The  nature 
of  the  volatile  oil  was  not  considered. 

A  Comparison  between  the  Bromine  and  Iodine  Absorption 
Figures  of  Various  Oils.  By  H.  T.  VuLTfe  and  L.  Logan.  /. 
Am.  Chem.  Sac.,  23,  156-159. — The  work  is  intended  as  a  revi- 
sion of  the  existing  tables  of  these  constants  and  has  been  care- 
fully carried  out,  as  is  shown  by  the  close  agreement  of  the  dupli- 
cates. It  is  difficult  to  see  why  twenty-four  hours  was  chosen  as 
the  time  for  action  of  the  iodine  solution,  when  the  usual  practice 
is  from  two  to  four  hours.  Olive,  cotton-seed,  poppy-seed,  lin- 
seed, almond,  peanut,  whale,  lard,  sperm,  rape,  castor,  seal,  cod- 
liver,  menhaden,  and  resin  oils  were  examined. 

On  the  Heat  of  Combustion  as  a  Factor  in  the  Anal3rtical  Ex- 
amination of  Oils ;  and  the  Heats  of  Combustion  of  Some  Com- 
mercial Oils.  By  H.  C.  Sherman  and  J.  F.  Snell.  /.  Am. 
Chem.  Soc,  23,  164-173. — The  article  gives  a  r6sum6of  the  work 
done  on  the  calorific  value  of  oils  and  a  description  of  the  method 
employed.  The  calorimeter  used  was  of  the  Atwater-Blakeslee 
type,  the  oil  being  absorbed  upon  fibrous  asbestos  and  fired  by  an 
electrically-fused  iron  wire.  The  calorific  power  at  constant  vol- 
ume of  most  of  the  oils  is  about  9400  ;  that  of  boiled  linseed  and 
castor  oils  is  8800,  and  those  of  resin  oil  and  petroleum  are  from 
10,100  to  10,700  cal.  The  specific  gravity,  iodine  number,  and 
free-acid  content  are  also  given.  It  would  hardly  seem  practica- 
ble to  use  the  method  as  a  means  of  detecting  the  adulteration  of 
oils. 
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The  Quantitative  Estimation  of  Hydrogen  Sulphide  in  Il- 
luminating Oas.  By  C.  C.  Tutwiler.  /.  Am,  Chem.  Soc,  23, 
173-177. — The  estimation  is  effected  by  meansof  a  Bunte burette 
containing  the  gas,  in  which  the  hydrogen  sulphide  is  estimated 
by  iodine  solution  run  in  from  a  10  cc.  burette  attached  to  the  top 
of  the  gas  burette.  Mercury  is  used  as  the  confining  liquid  and 
to  draw  in  the  iodine  solution.  The  apparatus  is  easily  manipu- 
lated and  accurate  and  should  find  extensive  application  in  gas 
works. 

The  Determination  of  Hydrogen  in  Qas  flixtures.    By  F.  C. 

Phillips.  /.  Am,  Chem,  Soc,  23,  354-356. — This  determina- 
tion is  effected  by  combustion  with  air  by  means  of  palladized  as- 
bestos, which  is  contained  in  a  U-tube  3  mm.  in  diameter  and  70 
cm.  in  total  length.  Difficulty  having  been  experienced  in  main- 
taining a  uniform  temperature,  the  tube  is  heated  in  a  bright 
jacketed  vessel,  silvered  to  prevent  radiation.  It  would  seem 
that  the  apparatus  should  work  well. 

Qasometric  Analysis.  By  F.  X.  Moerk.  Am,  J,  Phann,, 
72,  366-372. — This  article  deals  with  the  estimation  of  spirits  of 
nitrous  ether,  sodium  nitrite,  urea,  and  hydrogen  dioxide  by  a 
simple  apparatus,  resembling  that  of  Squibb,  and  charged  with 
brine.  The  results  upon  hydrogen  dioxide  are  a  little  higher 
than  those  of  the  U.  S.  pharmacopeia. 

Notes  on  the  Examination  of  American  Oil  of  Peppermint 
for  Menthol.  By  F.  A.  Sieker.  Pharm,  Rev,,  19,  66-67.— 
Attention  is  called  to  the  fact  that  samples  of  oil  of  peppermint 
are  condemned  as  not  of  the  purity  required  by  the  pharmocopeia, 
simply  because  they  are  not  cooled  to  a  sufficiently  low  tempera- 
ture { — 21°  C. ).  When  this  oil  is  rectified  by  steam  90  per  cent, 
comes  over,  which  contains  one  per  cent,  less  menthol  than  the 
crude  oil ;  a  resinous  residue  is  left  after  distillation,  which  indi- 
cates decomposition  or  polymerization  of  the  oil. 

On  the  Elimination  and  Quantitative  Estimation  of  Water 
in  Oils,  Fats,  and  Waxes.  By  C  B.  Davis.  /.  Am,  Chem,  Soc, , 
23,  487-488. — The  process  consists  in  exposing  the  substance  to 
a  temperature  of  1 10°  on  a  dried  and  weighed  paper  coil  after  the 
manner  of  the  Adams'  method  for  fat  extraction  in  milk. 

A  Report  upon  Linseed  Oil  and  Its  Adulterations,  Submitted 
to  the  Commissioner  of  Agriculture  of  New  York  ^tate.     By 

Parker  C.  McIlhiney. — This  report  deals  very  fully  with  tjie 
subject,  the  object  being  to  ascertain  first  the  charter  of  pure  lin- 
seed oil  as  sold  in  New  York  State  ;  second,  what  adulterants  are 
used  ;  and  third,  to  what  extent  adulteration  is  practiced.  The 
methods  of  preparation  of  raw  and  boiled  oil  are  given,  particular 
attention  being  paid  to  the  various  ways  of  manufacturing  the 
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latter,  especially  by  the  addition  of  driers-making  ''bung- hole" 
oil.  The  analytical  details  embrace  the  determination  of  the 
specific  gravity,  of  the  action  of  bromine  or  iodine  on  the  oil,  of 
the  percentage  of  unsaponifiable  organic  matter,  of  the  Koettstor- 
fer  and  acid  figures,  and  of  the  amounts  of  insoluble  bromine  de- 
rivatives, and  of  the  volatile  oils,  turpentine,  and  benzene.  The 
following  figures  were  found  :  Specific  gravity  at  15.5®,  0.931- 
0.937  (0.931-0.950  boiled  oil)  ;  bromine  addition  figure,  loo-iio; 
bromine  substitution  figure,  3-5  ;  iodine  addition  figure,  178-185; 
percent,  unsap.  org.  matter,  1. 1-2.5  J  Koettstorfer  figure,  186- 
196  ;  acid  figure,  3.0-7.0.  In  addition  to  these  there  is  a  correc- 
tion table  for  temperature  in  determining  the  gravity  of  linseed 
oil  by  the  hydrometer,  and  anal3rtical  data  are  given  on  the  adul- 
terants of  linseed  oil,  such  as  rosin,  menhaden,  com,  and  cotton- 
seed oils,  as  well  as  upon  genuine  and  adulterated  oils.  The  re- 
port bears  evidence  of  cardFul  preparation  and  should  be  in  the 
hands  of  every  one  interested  in  the  subject. 

Investigation  of  the  Halpliin  Color  Test  as  to  Its  Value  lor  the 
Detection  of  Cottonseed  Oil.  By  R.  D.  Oilar.  Am.  Chem.  /., 
24,  355-373. — ^The  work  corroborates  to  a  great  extent  that  of 
other  investigators  who  have  used  the  test.  It  is  found  that  old 
and  rancid  fats  do  not  produce  the  reaction,  which  is  not  the  case 
with  the  Bechi  test.  His  method  of  procedure  is  as  follows : 
Measure  10  cc.  of  pure  amyl  alcohol,  pure  carbon  disulphide  con- 
taining 1-2  per  cent,  fresh  flowers  of  sulphur,  and  10  cc.  of  the 
oil  or  melted  fat  into  a  large  test-tube  ;  heat  in  a  water-bath  un- 
til the  violent  boiling  ceases,  and  finally  in  a  salt-bath  to  a  tem- 
perature of  105**-!  10®  for  forty-five  to  sixty  minutes,  or  for  two 
or  three  hours,  if  traces  are  to  be  detected.  It  is  found  that  the 
test  is  given  by  none  of  the  common  edible  oils  and  fats  other 
than  cottonseed  ;  it  is  reliable  with  \  ox  \  per  cent.,  and  |V  or 
even  ^  per  cent,  may  be  detected  by  it  when  compared  with  a 
blank  test.  It  is  so  delicate  that  other  oils  which  have  been 
pressed  in  cottonseed  presses  will  give  the  reaction.  It  can  be 
applied  to  the  soap  or  fatty  acids  as  well  as  to  the  oil  itself  ;  it 
may  serve  also  for  the  recognition  of  free  sulphur.  Tables  are 
given,  showing  the  results  in  detail. 

G.  W.   ROLFB    RBVIBWBR. 

Rotation  of  the  Plane  of  PolariaEation  by  Mixtures.    By  W. 

Porter  Beck.  Am.  /.  Pharm.,  73,  367-373.— The  author  de- 
scribes polariscopic  measurements  of  sugars  and  oils  made  to  de- 
termine the  principles  governing  the  optical  rotation  of  mixtures 
of  optically  active  substances.  The  results  confirm  the  law  that  in 
a  physical  mixture  of  optically  active  substances  these  preserve 
their  rotating  properties  independently  of  each  other. 
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ASSAYING. 

H.  O.   HOPMAN,   RBVXBWBR. 

A  Device  lor  Sampling  Pig  iron.  By  P.  W.  Shimer.  Trans. 
Am.  Inst.  Min.  Eng.,  30,  321-323. — ^The  device  consists  of  a  con- 
veniently arranged  breast-drill  with  a  ^-inch  twist  bit  to  bore 
the  holes,  and  a  cup  to  catch  the  drillings. 

Power  Laboratory  Ore  Grinder.  By  C.  B.  Murray.  /  Am. 
Chem.  Soc.y  23,  198-199. — This  mechanical  grinding  apparatus, 
of  which  the  note  is  an  illustrated  description,  is  used  at  the 
Edgar  Thomson  Steel  Works.  It  resembles  the  well  established 
Morrel  agate  mortar. 

Notes  on  Some  Blowpipe  Tests.  By  J.  W.  Richards.  /. 
Am.  Chem.  Soc,  23,  213-215. — The  author  gives  details  of  ma- 
nipulation in  the  use  of  the  blowpipe  for  preliminary  tests  which 
insure  accurate  results.  The  blowpipe,  which  is  used  so  little  in 
testing,  gives  reliable  and  quick  results  when  in  the  hands  of 
an  expert. 

The  Use  of  Metallic  Sodium  in  Blowpipe  Analysis.     By  C.  L. 

Parsons.  /.  Am.  Chem.  Soc,  23, 1 59-161. — Referring  to  Hem- 
pePs  method  of  using  sodium  as  a  reducing  agent,  the  author 
prefers  the  following  simpler  manner  of  operating  :  a  piece  of  so- 
dium, 3  to  4  mm.  in  diameter,  is  flattened  out,  the  powdered  sub- 
stance to  be  tested  pressed  into  it  with  the  hammer,  the  whole 
turned  over  with  the  blade  of  a  knife,  kneaded  into  a  ball,  placed 
upon  a  cavity  in  the  charcoal  and  ignited,  when  with  a  flash  the 
reduction  takes  place  momentarily.     The  reductions  are  perfect. 

The  rieasurement  of  Oold  and  Silver  Buttons  in  Quantita- 
tive Blowpipe  Assays.  By  J.  W.  Richards.  /.  Am.  Chem. 
Sac.,  23,  203-212. — ^The  author  briefly  outlines  Harkort's  inven- 
tion of  the  quantitative  blowpipe  assay  for  silver  and  gold,  criti- 
cizes Plattner's  improvements,  describes  the  Goldschmidt  modifi- 
cation (remelting  the  button  on  charcoal  and  measuring  its  hori- 
zontal diameter  with  a  microscope)  and  gives  full  details  of  his 
own  method  in  which  he  adopts  Goldschmidt' s  idea  of  remelting 
the  button,  whenever  practicable,  and  measures  the  button  by  a 
modification  of  Harkort's  scale. 

experiments  Regarding  the  Influence  of  Silica  on  the  Loss  of 
Silver  in  Scorification.  By  L.  Strauss.  Trans.  Am.  Inst. 
Min.  Eng.,  30,  554-559. — In  the  work  pure  pyrite,  zinc  blende, 
galena,  stibnite,  and  sulphur  furnished  the  ores,  silica  and  test- 
lead  the  fluxes  (all  were  free  from  silver).  The  ores  were  charged 
with  filings  of  silver,  0.992  fine  and  free  from  iron,  and  varying 
amounts  of  silica,  scorified  and  cupelled.  The  results  give  nu- 
merical data  for  the  known  facts  that  the  greater  the  amount  of 
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the  slag,  the  greater  the  loss  in  silver,  and  that  the  behavior  of 
metallic  sulphides  is  not  uniform. 

The  Assay  of  Copper  Materials  for  Oold  and  Silver.     By  L. 

D.  GoDSHALiy.  Trans.  Am,  hist,  Min.  Eng,^  30,  529-531. — The 
author  briefly  reviews  the  usual  dry  and  combined  dry  and  wet 
methods  for  assaying  coppery  material,  and  proposes  the  following 
which  he  deems  to  be  more  satisfactory  as  to  results  and  quicker  : 
Dissolve  0.5-0.4  A.  T.  ore  in  dilute  nitric  acid,  using  small  quan- 
tities at  a  time,  add  some  sulphuric  acid,  evaporate  excess  of  ni- 
tric acid,  cool,  add  cool,  then  hot  water,  and  introduce  hydrogen 
sulphide  for  a  few  minutes  until  all  the  silver  with  only  a  little 
copper  has  separated  out  as  a  flocculent  precipitate  which  carries 
down  all  the  gold  and  is  easily  filtered  ;  now  filter,  and  proceed 
in  the  usual  way  by  burning  filter  and  assaying  the  ashes.  The 
filtrate  must  be  tested  for  silver  with  a  pinch  of  salt  or  a  drop  of 
hydrochloric  acid.  Ledoux  and  Whitehead  discuss  the  paper. 
Ledoux  (page  1122)  gives  the  following  method  as  being  in  use 
at  present  in  his  laboratory  ;  Dissolve  one  A.  T.  in  dilute  nitric 
acid,  boil,  filter,  add  to  filtrate  sufficient  salt  solution  to  precipi- 
tate all  the  silver  as  chloride,  allow  to  stand  over  night  (when 
pressed  for  time,  stir  vigorously  by  hand  or  better  by  compressed 
air),  filter,  scorify  silver  chloride,  gold  and  insoluble  residue  to- 
gether, cupel,  etc.  With  some  copper  materials  very  low  in  gold 
the  **  all-fire  method'*  is  more  satisfactory,  as  gold  seems  to  go 
into  solution.  In  this  method  ten  samples  of  i/io  assay-ton  each 
are  scorified  with  lead  until  most  of  the  copper  has  been  removed, 
then  united,  cupelled,  etc.  The  author  tested  GodshalPs  method 
comparing  it  with  the  **  combination**  and  *' all-fire'*  method. 
He  obtained  the  following  results  : 

Silver — Ounces  Per  Ton. 

Godshall  Combinatton 

method.  method. 

No.  I 67.70  67.20 

"     2 57.20  58.80 

"     3 5900  59.30 

Goi,D — Ounces  Per  Ton. 

"All-fire"  method. 

No.  1 2.28  2.42 

'  **     2 1.89  2.10 

**     3 2.06  2.18 

The  Godshall  method  seems  to  show  a  high  silver  and  a  low 
gold  result.  Whitehead  (page  1124)  says  that  his  experiments 
with  coppery  material  have  proved  that  some  gold  was  liable  to 
go  into  solution  when  treated  with  even  chemically  pure  nitric 
acid.  He  therefore  welcomes  the  Godshall  method.  His  expe- 
rience with  it  shows  that  excellent  results  are  obtained  if  the  solu- 
tion is  cold  and  practically  free  from  nitric  acid.     In  order  to  do 
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away  with  the  tedious  elimiuatiou  of  uitric  acid  by  evaporation 
with  sulphuric  acid,  he  dilutes  the  nitric  acid  solution,  makes  it 
faintly  alkaline  with  ammonia,  and  reacidifies  with  acetic  acid, 
then  adds  enough  sodium  hyposulphite  to  precipitate  100  mgms. 
of  copper,  stirs,  boils  for  five  minutes  or  until  the  cuprous  sul- 
phide collects,  filters,  scorifies,  cupels,  etc. 

The  Colorimetric  Assay  of  Copper.  By  J.  D.  A.  Smith: 
Trans,  Am,  Inst,  Min,  Eng,,  30,  851-854  ;  discussion  by  G.  L. 
Heath,  1119-1121. — Referring  to  the  apparatus  described  by 
Heath  (/.  Am,  Chem,  Soc,  19,  24)  for  carrying  out  the  Heine 
colorimetric  assay  of  copper,  the  author  prefers  to  do  away  with 
preserved  sets  of  standard  colors  and  to  make  a  fresh  standard  for 
each  batch  of  assays.  The  paper  describes  the  method  in  detail 
and  gives  a  table  of  results.     Heath  defends  the  use  of  standards. 


INDUSTRIAL  CHEMISTRY. 

p.  H.  Thorp,  Rbvibwkr. 

A  Proposed  Method  for  the  Extraction  of  Bromine.  By  An- 
son G.  Betts.  E7ig,  Min./.,  71,  783.  — Analyses  of  brines  from 
Midland  and  Sand  Beach,  Michigan,  and  Syracuse,  New  York, 
are  given,  and  also  the  percentage  of  bromine  in  the  North  At- 
lantic Ocean  (0.00635)  ^^^  ^^  ^^^  Dead  Sea  (0.443).  ^^^ 
method  proposed  is  based  on  the  reaction  between  bromine  and 
phenol,  in  aqueous  solution  by  which  tribromphenol  and  hydro- 
bromic  acid  are  formed.  The  bromine  must  be  free  and  is  libera- 
ted by  the  action  of  chlorine  water,  but  no  free  chlorine  should 
be  present,  when  the  phenol  solution  is  added.  The  chlorine 
water  and  carbolic  acid  are  added  three  times  to  precipitate  87.5 
per  cent,  of  the  total  bromine.  The  reaction  takes  place  instantly, 
and  at  ordinary  temperatures  a  precipitate  of  the  tribromphenol 
appears,  if  the  brine  contains  as  much  as  0.002  per  cent,  of  bro- 
mine. It  was  found  impossible  to  precipitate  all  of  the  bromine 
and  form  hydrochloric  acid.  Electrolysis  is  suggested  as  an  ad- 
vantageous method  of  setting  free  bromine  ;  at  5  volts,  one  horse- 
power is  equivalent  to  ^  lb.  of  bromine  precipitated.  If  the 
phenol  is  pure  the  precipitate  is  crystalline  and  filters  easily  ;  if 
cresole  is  present,  the  precipitate  is  tarry.  By  drying  and  heating 
the  precipitate,  most  of  the  bromine  is  recovered  as  hydrobromic 
acid  ;  the  rest  is  caught  by  passing  the  vapors  through  an  alkali 
solution,  or  a  solution  of  ferrous  bromide.  Reduction  of  the  pre- 
cipitate by  iron  and  mineral  acid  will  regenerate  the  phenol,  ac- 
cording to  the  reaction 

2C.H,Br,(OH)  +  3H,SO,  +  6Fe  =  3FeSO,  +  3FeBr,  +  2Q^Yifi¥i. 
The  process  is  best  carried  on  by  saturating  one  part  of  the  brine 
with  chlorine  and  another  part  with  phenol,  and  then  mixing  the 
two  portions.  Other  organic  bodies,  such  as  acetylene,  are  sug- 
gested as  suitable  for  recovering  bromine  from  brine. 
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Soil  Analyses.    Bull,  No.  38,  N.  if/.  Agr,  Expt.  Sta.     BuU. 
No.  47,  N.  D.  Agr,  Expt  Sia. 


RMMirclMS  on  Nitrocellulose.  By  G.  Lunge.  /.  Am,  Chem. 
Soc.,  aj,  527-579. — ^This  is  a  long  and  very  complete  paper,  deal- 
ing chiefly  with  the  methods  of  analysis  and  the  methods  of  ob- 
taining the  various  nitrocelluloses.  Several  illustrations  of  anal3rt- 
ical  apparatus  are  given. 

Modem  ProdHction  of  Alum  and  Aluminium.  By  J.  Ohly. 
Min.  and  Metal,  ^  24,  403-404. — After  giving  a  historical  review 
of  the  development  of  the  aluminium  industry,  the  author  de- 
scribes a  recent  French  process  for  purifying  bauxite  by  heating 
with  alkaline  sulphides.  The  iron  is  converted  into  ferrous  sul- 
phide, but  the  heat  is  not  sufficient  to  form  aluminates.  The 
fused  mass  is  treated  with  some  sulphuric  add  under  such  condi- 
tions that  the  solution  is  kept  strongly  alkaline,  while  sodium 
aluminum  sulphate  is  formed  and  crystallized.  The  preparation 
of  aluminum  hydroxide  from  this  salt  is  also  described.  The 
uses  of  aluminum  as  conductors  and  reducing  agent  are  then  con- 
sidered. 

A.  H.  Gill,  Rbvibwbr. 

On  Fluctuations  in  the  Composition  of  Natural  Oas.    By  F. 

C.  Phillips.  Proc.  Am.  Acad,,  34,  71-83. — The  paper  describes 
an  apparatus  for  the  combustion  of  the  gas,  samples  of  from  150- 
400  cc.  being  employed,  and  for  the  determination  of  nitrogen  in 
the  gas.  The  per  cent,  was  found  to  vary  from  1.2-3.2  in  the 
same  well.  No  oxygen  was  found  in  it.  It  is  possible  that  the 
gas  occurs  liquefied  in  the  rocks,  and  that  the  nitrogen  is  gradu- 
ally distilled  o£P  from  it.  Attention  is  called  to  the  fact  that  it  is 
not  easy  to  prepare  from  marble,  carbon  dioxide  free  from  nitro- 
gen. This  can  be  effected  with  certain  marbles,  only  by  boiling 
them  with  water  for  six  hours  and  then  transferring  them  to  the 
generator. 

On  the    Composition    of  California   Petroleum.     By  C.  F. 

Mabery  and  E.  J.  Hudson.  Am,  Chem,  /.,  35,  253-284. — 
Eight  di£Perent  samples,  representing  a  fair  average  of  the  Cali- 
fornia oils,  were  examined  :  a  preliminary  distillation  showed 
that  they  could  not  be  distilled  without  decomposition  except  in 
vacuo  and  here  the  process  could  be  continued  to  350^  at  50  mm. 
Analysis  showed  their  chief  constituents  to  be  methylenes.  All 
the  samples  were  submitted  to  fractional  distillation  in  vacuo,  it 
being  repeated  in  some  cases  twenty-four  times.  The  results  of 
the  examination  of  the  distillates  boiling  up  to  216^  are  shown  in 
the  table  below  : 
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Fresno  Co. 

Puente. 

Bardsdale. 

Hexane  ? 

Sp.  gr.  20®  0.892 
%  S  0.8 
%  N  1.2 

sp.  gr.  20^  0.892 

%  S  1.5 

%Ni.25 

Nonane 

Hexametbylene 

Heptametbylene 

Octonapbtnene 

Nononapbthene 

Dekanapbtbene 

Undekanapbtbene 

Dodekanapbtbene 

Benzene 

Toluene 

Heptametbvlene 
Octonapbthene 

Dekanapbtbene 

•••••• 

Homologues  of 
benzene 

Heptametbvlene 
Octonapbthene 

Dekanapbtbene 
Undekanapbtbene 

Xylenes 

CnHgn^a  SericS? 

Xylenes 

Adams  Canon. 

Torrey  wells. 

Scott*s  Hill. 

sp.  gr.  30**  0.921 

%«o.9 

%  N  1.46 

sp.  gr.  20®  0.884 

%  S  0.5 

%Ni.i5 

Hexane  ? 

Nonane 

sp.  gr.  20**  0.878 

%  S  0.4 

%  N  1.25 

Hexane  ? 

Heptametbylene 
Octonapbthene 

Hexametbylene 
Heptametbvlene 
Octonapbtnene 

Hexametbylene 
Heptametbvlene 
Octonapbthene 

Dekanapbtbene 

Dekanapbtbene 

Dekanapbtbene 
Undekani^btbene 

Homologues 
of  benzene 

Toluene 

Tri-,  tetra-,  and  pentadekanaphthenes  were  identified  in  some 
of  the  higher  boiling  portions.  California  petroleum  contains 
then  a  small  portion  of  products  boiling  below  225^  which  resem- 
ble those  in  Russian  oil ;  the  proportion  of  aromatic  hydrocarbons 
is,  however,  larger.  It  contains  only  small  quantities  of  substan- 
ces of  the  C„H,a+a  series. 

Oh  th«  Compofitlon  of  Japanese  Petroleum.    By  C.  F.  Ma- 

BBitY  andS.  Takano.  Am,  Chem.J,,  25,  297-307. — The  results 
show  that  Japanese  petroleum  is  mainly  composed  of  the  methy- 
lene hydrocarbons.  Some  contain  also  solid  paraffins  and  in 
some  the  percentage  of  sulphur  and  nitrogen  is  as  high  as  in 
the  California  oils. 

Compositioii  of  Texas  Petroleum.  By  C.  P.  Mabkry.  /. 
Am,  Chem,  Soc,^  23,  264-267.— The  paper  gives  the  analysis  of 
oil  from  the  Lucas  gusher.  This  has  a  strong  odor  of  hydrogen 
sulphide,  contains  2.16  per  cent,  of  sulphur,  and  i  per  cent,  of 
nitrogen,  and  has  a  specific  gravity  of  0.92.  It  seems  to  contain 
C14H,,  and  C„Hj^,  compounds  having  perhaps  a  double  polymethy- 
lene  ring. 
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G.  W.  RoLPE,  Reviewer. 

Sugar  Beet  Investigations  in  Oliio  in  1900.  By  A.  D.  Sblby 
andJ.  W.Ames.  Bull,  Ohio  Agr,  Expt.  Sla.,  126,133-174. — 
This  bulletin  contains  detailed  results  of  an  investigation  of  sugar- 
beets  g^own  in  Ohio  and  a  popular  description  of  Ohio*s  first  fac- 
tory recently  built  at  Fremont. 

Sugar  Beets,  1891-1900.  Bull.  Expt,  Sta,  Kans.  State  Agr, 
ColL,  103,  253-286. — ^Tabulated  statements  of  investigations  on 
sugar-beet  cultivation  are  presented,  which  show  that  Kansas  is 
unsuited  for  beet-sugar  production. 


ilETALLURQlCAL  CHEMISTRY. 

H.  O.  HOFMAN,  RB\^BWBR. 

Improvements  in  the  iletallurgy  of  Aluminum.     By  C.  P. 

TowNSKND.  Elec,  World  and  Eng,,  38,  14-15. — The  improve- 
ment described  refers  to  two  patents  (June  25,  1901),  by  C.  M. 
Hall  of  an  electric  fusion  method  for  purifying  bauxite.  Baux- 
ite, e.  g.,  with  alumina,  60  per  cent.;  ferric  oxide,  18  per  cent.; 
silica,  2-3  per  cent.;  titanic  oxide,  3-4  per  cent,  and  water  17 per 
cent.,  is  calcined,  mixed  with  8  to  10  per  cent,  of  carbon,  held 
for  about  one  hour  in  fusion  in  an  electrical  furnace  having  a  car- 
bon lining  and  a  carbon  electrode  ;  the  current  can  be  alternating 
or  direct.  Only  the  impurities  are  reduced  ;  they  collect  on  the 
bottom  of  the  bath  as  a  fused  alloy,  especially  in  the  presence  of 
considerable  amounts  of  iron.  In  the  second  method,  metallic 
aluminum  or  a  50  per  cent,  ferro-aluminum  is  substituted  wholly 
or  in  part  for  the  carbon,  to  combine  with  the  oxygen  of  the 
silica,  titanic,  and  iron  oxides;  the  charge  is  maintained  in  fusion 
for  one  and  one-half  hours  in  the  electric  furnace,  when  the  im- 
purities will  again  have  separated  out.  As  in  this  case  there  is 
little  or  no  evolution  of  gas,  the  fusion  is  less  disturbed  than  when 
carbon  is  used.  The  elimination  of  silicon  and  iron  are  satis- 
factory; less  so,  is  that  of  titanium.  The  purified  alumina  diflFers 
from  that  produced  by  the  usual  combined  dry  and  wet  methods. 
It  is  grayish- white,  crystalline,  has  a  specific  gravity  of  3.70  to 
3.93,  resembles  in  structure  coarse-grained  sandstone  that  is  easily 
crushed,  and  often  friable  between  the  fingers.  The  product  is 
partly  soluble  in  hydrochloric  acid  and  caustic  alkalies  with  liber- 
ation of  methane  and  hydrogen,  the  former  is  due  probably  to 
aluminum  carbide,  the  latter  to  the  partial  reduction  of  Al,Oj  to 
A1,0,  or  A1,0. 

Discussion  of  Paper  of  ilr.  Sclierr  on  Reduction  Roasting. 
Its  Value  for  Arsenic  Expulsion  from  Copper  Ores  and  Mattes. 

By  H.  M.  Howe.  School  Mines  Quart.,  22,  381-382. — In  his 
paper  i^this  Rev.,  6,  431)  Mr.  Scherr  held  (i)  that  a  metallic  ar- 
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senate  in  roasting  was  decomposed  by  the  joint  action  of  sul- 
phuric anhydride  and  a  weak  reducing  agent,  like  sulphur,  iron, 
or  copper,  the  former  decomposing  the  arsenate  and  the  latter  re- 
ducing the  stable  arsenic  oxide  to  the  volatile  arsenious  oxide  ; 
and  (2)  that  the  presence  of  a  powerful  deoxidizing  agent  like 
charcoal  was  liable  to  reduce  the  sulphuric  anhydride  and  prevent 
its  decomposing  metallic  arsenate.  The  author  suggests  that  the 
reason  why  the  arsenic  was  not  wholly  expelled  toward  the  end 
of  the  roast  was  perhaps  due  to  the  fact  that  the  ore  was  not 
ground  sufficiently  finely  for  the  sulphuric  anhydride  to  reach  the 
centers  of  the  particles  of  ore. 

Further  Notes  on  Elimination  of  impurities  from  Copper  in 
Refining  and  Converting.  Bv  E.  Keli^ER.  Trans,  Am,  Inst, 
Min,  Eng,,  30,  310-314. — In  order  to  approximate  as  much  as 
possible  the  slaggability  of  impurities  in  refining  copper,  the 
author  (neglecting  the  small  amounts  eliminated  by  volatilization) 
adds  the  impurities  in  the  refined  copper  to  those  in  the  slag  and 
calculates  the  amounts  slagged  as  percentages  of  that  sum,  refer- 
ring the  whole  to  the  unit  copper.  His  figures  for  the  relative 
slaggability  are  in  per  cent.;  Cu,  i  ;  Pb,  52.1  ;  Bi,  1.07  ;  Sb, 
5.90  ;  As,  5.07  ;  Se,  Te,  0.84.  Samples  of  matte  and  converter- 
copper  from  the  five  blows  made  at  Copper  Queen  mine  show  a  per- 
centage elimination  of  :  Se,  46.8;  Te,  40.0;  Ni,  37.0;  and  Co,  100. 

rialcingSand  Castings  of  Copper.  By  C.  Vickers.  Inm 
Trade  Rev,,  1901,  34,  17. — When  copper  is  being  melted  down  in 
a  crucible,  it  absorbs  gases  and  some  copper  is  liable  to  be  oxi- 
dized even  if  the  surface  be  covered  with  charcoal.  The  gas 
makes  the  copper  porous,  and  the  cuprous  oxide  formed  and  taken 
up  by  the  copper  makes  it  brittle.  Quite  a  number  of  methods 
have  been  suggested  to  diminish  the  absorption  of  gas  and  aid  the 
deoxidation  of  cuprous  oxide.  The  author  gives  some  details  of 
these. 

Tlie  Properties  of  Brass  riade  from  Copper  Containing  Sui>- 
Oxide,  witli  Oliservations  of  tlie  Effect  of  Oxygen  on  Copper. 

By  E.  S.  Sperry.  Trans,  Am,  Inst,  Min,  Eng,,  30,  837-850. 
— In  poling  copper,  the  reduction  of  cuprous  oxide  is  not  com- 
pleted in  order  that  traces  of  bismuth,  arsenic,  and  antimony  in 
the  copper  shall  be  present  as  oxides  when  they  are  less  harmful 
than  when  as  metals.  Small  amounts  of  cuprous  oxide  are  liable 
to  make  copper  somewhat  cold-short,  but  not  hot-short,  hence  the 
metal  is  rough-rolled  hot  and  finished  cold.  In  making  brass,  some 
of  the  zinc  is  oxidized  at  the  expense  of  the  metallic  oxides  con- 
tained in  the  copper.  In  the  experiments  made  to  see  what  effect 
the  oxygen  of  the  copper  had  in  brass-making,  the  copper  used 
was  oxidized  by  exposing  it  when  melted  to  air  ;  analyses  gave 
from  1. 12  to  1.52  per  cent,  oxygen.     Oxidation  with  niter  proved 
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unsuccessful.  The  base-oomposition  of  the  brass  used  was  copper 
60  per  cent,  and  zinc  40  per  cent.  The  experiments  show  that 
the  amounts  of  oxygen  usually  contained  in  commercial  copper 
(o.oio  to  0.012  per  cent.)  have  no  handful  elBFect  on  the  quality 
of  brass  intended  for  rolling  into  sheets,  the  oxygen  may  reach 
even  0.55  per  cent,  and  does  no  harm  if  special  care  be  taken. 
An  excessive  amount  of  oxygen  causes  the  formation  of  a  sala- 
mander, a  mixture  of  infusible  zinc  oxide  and  copper.  If  oxygen 
is  present  in  not  sufficient  amount  to  form  a  ^amander,  but 
above  0.55  per  cent.,  the  brass  will  show  a  tendency  to  crack,  due 
to  the  presence  of  zinc  oxide. 

Note  on  th«  Pl«t«- Amalgamation  of  QoM  and  Silvar.    By 

E.  A.  H.  Tays.  Trans,  Am,  Inst,  Min,  Eng,,  30,  318-320. — In 
a  former  paper  (^Trans,,  99*  776);  the  author  gave  some  data 
on  the  milling  of  silver-bearing  gold  ore  of  the  Anglo- Mexi- 
can Gold  Mining  Company,  San  Jos6  de  Grada,  Sinaloa, 
Mexico,  in  the  Bryan  roller  quartz-mill.  He  now  supplements 
them  by  figures  obtained  from  the  same  kind  of  ore  with  the 
stamp  battery.  The  ore  stamped  assayed  gold  0.76  oz.  and  silver 
0.71  oz.,  the  tailings  0.22  and  0.27  oz.  per  ton,  showing  an  ex- 
traction of  0.54  and  0.27  oz.  or  71.7  and  39.4  per  cent.  Based  on 
the  assays,  the  extraction  should  be  2  :  i  ;  the  average  finen%:ss 
of  the  bullion,  however,  gave  a  ratio  of  2.74  :  i.  In  the  Bryan 
mill  the  ratio  of  gold  to  silver  recovered  was  2.34 :  i. 

OoU  Oras  In  tha  Black  HIHs^  South  Dakota.    By  H.  M. 

Chance.  Trans,  Am.  Inst,  Min,  Eng.,  30,  278-285. — ^The 
silicious  gold-belt  in  the  vicinity  of  Deadwood  and  Lead  City 
covers  an  area  6-7  miles  in  length  and  3-4  miles  in  width,  and  is 
300-400  feet  thick.  It  has  ore-chutes  and  ore-horizons  scattered 
through  it  which  give  an  average  value  of  $12. 00-$  18. 00  per  ton. 
The  ore  is  mined  at  a  cost  of  not  over  $4.00  per  ton  ;  it  is  treated 
by  raw-  and  pyritic-smelting  at  a  cost  of  $4.75-$5.75  per  ton,  by 
barrel-chlorination  for  $3.5O-$4.50  per  ton,  and  by  cyaniding  for 
$3.oo-$3.75  per  ton.  The  second  class  of  deposit  comprises  the 
free  milling  ores  occurring  as  steep  veins  in  metamorphosed 
rocks  ;  the  bulk  of  the  gold  is  extracted  by  battery  amalgama- 
tion, the  rest  by  concentrating  the  tailings  and  leaching  with 
potassium  cyanide. 

Pyritic  Smelting  In  the  Black  Hills.  By  P.  R.  Carpbntbr. 
Trans,  Am,  Inst.  Min,  -£'«^.,  30,  764-778,  11 28. — The  author 
uses  the  term  pyritic  smelting  in  the  same  manner  as  Percy;  vis,, 
smelting  dry  silver-ores  in  connection  with  iron  pyrites  to  form  a 
matte.  He  places  on  record  his  successful  work  in  smelting  the 
ores  of  the  silicious  gold-beltnear  Deadwood,  South  Dakota.  In 
his  practice  he  followed  in  general  the  work  of  Mansfeld,  Ger- 
many, in  that  he  made  slags  ranging  between  4RO,  3SiO,   and 
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RO,  SiO| — RO  being  mainly  lime  and  magnesia,  FeO  playing  a 
minor  r61e.  The  matte-fall  rarely  exceeded  5  per  cent.  Iron 
sows  formed  in  the  operation,  and  these  helped  to  carry  down  the 
gold,  so  that  dean  slags  could  be  made  in  the  absence  of  copper 
whidi  has  always  been  considered  essential  if  waste  slag  free  from 
precious  metal  is  to  be  produced.  The  refining  of  the  matte  was 
at  first  accomplished  by  treating  with  lead  ores ;  here  it  was  found 
that  matte  as  well  as  iron  sows  readily  gave  up  their  gold  to  the 
lead,  while  the  extraction  with  silver  was  not  so  perfect.  A 
second  method  outlined  by  the  author  is  to  smelt  the  matte  for 
copper  bottoms  which,  being  granulated,  oxidized  and  resmelted 
with  sulphur-bearing  material,  would  give  a  second  bottom  very 
much  richer  than  the  first.  In  order  to  have  a  perfect  concentra- 
tion it  is  essential  that  some  lead  is  present.  The  bottom  from 
the  second  selecting  is  so  rich  in  lead  that  it  can  be  cupelled, 
often  directly  without  the  addition  of  lead,  six  parts  lead  to  one 
of  copper  giving  satisfactory  results.  The  first  bottoms  can  be 
smelted  directly  with  sulphur-bearing  material  without  granula- 
ting and  oxidizing,  and  the  operation  repeated  until  the  concen- 
tration has  reached  the  desired  degree. 

Purman  {op,  cit,,  1 125),.  in  discussing  the  paper,  states  that  he 
believes  that  alumina  always  ought  to  be  figured  as  replacing 
silica  and  gives  some  experience  of  his  in  smelting  peculiar  lead 
ores,  when  he  found  the  most  suitable  slag  to  be  SiO,,  28  ; 
Fe(Mn)0,  36 ;  CaO,  16  ;  and  A1,0„  14  per  cent.  He  further 
attacks  the  practice  of  making  iron  sows  and  suggests  that  the 
addition  of  pyritic  and  coppery  material  would  have  obviated  it. 

Carpenter  defends  his  practice  and  gives  new  evidence  of  its 
correctness  by  citing  the  leading  facts  of  the  work  he  did  along 
similar  lines  in  Colorado  in  smelting  Cripple  Creek  ores.  He 
shows  how  important  it  is  to  distinguish  between  formation  tem- 
perature and  fluidity  of  slag,  the  former  having  proved  in  his 
first  work  in  Colorado  to  have  been  so  low  that  the  slag  would  not 
run.  As  to  Furman's  suggestion  of  adding  sulphurous  material 
to  the  charges  to  prevent  the  formation  of  sows,  the  author  shows 
how  it  is  that  this  would,  on  the  contrary,  have  aggravated  the 
trouble. 

Th«  Union  Gold  Extraction  Company's  llillat  Florence,  Colo- 
rado. By  J.  E.  RoTHWKi*!..  Eng,  Min.J,,  71,  721-724. — In 
this  mill,  which  has  a  capacity  of  400  tons  ore  per  day  and  is 
built  to  do  custom  work,  the  gold  from  Cripple  Creek  is  extracted 
by  means  of  barrel-chlorination.  The  mill  is  described  under  the 
following  heads  :  Sampling,  storage  and  purchase  of  the  ore  ; 
dr3ring  and  fine-crushing  ;  roasting  and  cooling  ;  chlorination  and 
precipitation ;  roasting,  melting  and  refining ;  concentration, 
power  plant  and  water  supply  system ;  assay  office,  laboratory. 
For  details  the  reader  is  referred  to  the  original. 
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Chlorination  flills  at  Cripple  Creek,  Colorado.  The  Metliods 
Used  in  Handlini:  the  Ore  and  the  Application  of  the  Process. 

By  a.  Lakes.     Mines  and  Minerals^  21,  337-339. — ^This  article 

is  a  general  one  with  some  good  photographic  reproductions  ; 

some  details  are  given  of  the  Economic  Chlorination  Mill. 

■ 

Cyaniding  Stamp  Mill  Tailings  in  Western  America.  A 
Description  of  the  Dexter  Oold  /lining  Company's  Plant  at 
Tuscarora,  Nev.  By  W.  Magenau.  Mines  and  Minerals,  21, 
299-301. — The  plant  treats  the  tailings  from  the  forty-stamp  mill 
which  crushes  daily  102  tons  silicious  ore  containing  85  per  cent, 
silica,  and  10  per  cent.  iron.  On  account  of  clayey  seams  in  the 
ore  as  much  as  5  gallons  of  water  per  stamp  per  minute  is  required 
in  stamping.  The  mill  tailings  are  raised  by  a  bucket  elevator 
and  run  into  three  iron  settlers  (12  feet  deep  and  18  feet  in 
diameter),  supplied  with.  Butters  and  Mein  automatic  revolving 
distributors.  Fifty-two  tons  of  sands  ($1.57  gold  andfi.yo  silver 
per  ton)  are  separated  per  day  from  slimes  ($3. 19  gold  and  $5.03 
silver  per  ton)  which  overflow  into  an  annular  trough  and  are 
collected  in  two  artificial  ponds.  The  bottom  of  a  settler  has  a 
gravel  filter  and  two  18-inch  discharge-holes  closed  with  hollow 
sheet  iron  plugs.  One  settler  is  being  filled  while  the  second  is 
drained  and  the  third  emptied.  Draining  is  accomplished  on  the 
inner  side  by  a  vertical  box  (10  X  4  inches  and  12  feet  long  closed 
on  one  side  with  old  battery  screens)  and  on  the  bottom  by  four 
drainage  pipes.  A  settler  catches  51  percent,  of  the  material 
fed  into  it.  The  sands  are  discharged  into  cars  beneath  by 
shoveling  and  trammed  to  the  leaching  department.  This  con- 
tains 14  tanks  (ID  of  20,  and  4  of  50  tons'  capacity).  The  filter 
is  a  false  bottom  of  i-inch  boards  with  f-inch  holes,  it  rests  on 
slats,  I  X  I  inch  placed  8  inches  apart,  and  is  covered  with  lo-oz. 
canvas.  The  method  of  leaching  is  that  of  continuous  percola- 
tion, a  stream  \  inch  in  diameter  flowing  from  the  2-inch  dis- 
charge pipe.  The  cyanide  consumed,  i^  lbs.  per  ton  treated,  is 
replaced  by  feeding  the  necessary  amount  into  a  perforated  tin 
box,  resting  on  the  top  of  a  newly-charged  tank,  and  allowing 
the  fresh  solution  to  play  upon  it  in  such  a  way  that  all  the  cya- 
nide will  be  dissolved  when  the  ore  is  submerged.  The  ore  is 
leached  in  from  three  to  five  days  and  receives  one  wash-water 
( I  ton  water  to  4  tons  ore)  after  the  solution  has  been  drained  off. 
The  leached  tailings  are  sluiced  out  by  water  passing  through  a 
2-inch  hose  with  ^-inch  nozzle  under  a  pressure  of  60  pounds ; 
one  man  sluices  out  50  tons  in  i^  hours. 

The  gold  is  precipitated  in  ten  rows  of  boxes,  each  having  ten 
compartments  12"  X  12"  X  10".  The  solution,  flowing  at  a  rate 
of  3.1  tons  per  hour,  contains  when  entering  0.97  oz.  silver  and 
0.082  oz.  gold  per  ton,  and  when  leaving  o.  10  oz.  silver  and  o.oi 
oz.  gold  which  represents  a  saving  of  88.7  percent.     The  dried 
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precipitate  (containing  gold  3.31  per  cent.,  silver  70.16  per  cent., 
zinc  9.76  per  cent.,  iron  1.45  per  cent.,  lead  1.40  per  cent.,  silica 
6.48  per  cent.,  n.  d.  7.44  per  cent.)  is  sold  to  lead  smelters. 
The  solution  when  titrated  with  silver  nitrate  without  an  indicator 
gives  4  lbs.  potassium  cyanide  per  ton  ;  its  alkalinity  is  equiva- 
lent to  0.16  per  cent.  H^SO^.  The  slimes  of  a  pond,  when  filled, 
are  allowed  to  dry.  When  the  upper  two  or  three  feet  have  be- 
come well  baked  in  the  arid  climate  they  are  removed,  brought  to 
the  leaching  mill  and  charged  with  alternate  layers  of  sands  into 
the  leaching  vats  and  worked  in  the  same  way  as  the  sands. 
The  average  extraction  is  66.8  per  cent,  gold  and  37.7  per  cent, 
silver  or  51.7  per  cent,  of  the  total  values.  The  labor  required  is 
one  foreman,  one  car-man,  two  shovelers,  one  night  solution-tender, 
the  foreman  doing  this  work  during  the  day. 

Cyanlding  Cupriferous  Ores.  Bv  L.  Janin.  Eng,  Min.  /., 
72,  197. — The  oxidized  gold  ores  of  the  Lydenburg  district, 
Transvaal,  are  composed  of  quartz,  oxides  of  iron,  dolomite  and 
contain  besides  the  gold,  small  quantities  of  manganese,  bismuth, 
silica,  and  copper.  In  the  cyanide  treatment  manganese  dissolves 
only  when  an  insuflBcient  amount  of  lime  is  used,  bismuth  presents 
no  difficulties,  10  per  cent,  silver  or  less  is  recovered.  The  copper  ' 
of  the  ore  amounts  to  0.4  per  cent,  and  is  present  in  different 
forms,  metallic  copper  collecting  on  the  amalgamating  plates  and 
of  the  rest  only  a  small  portion  being  dissolved  by  the  cyanide, 
forming  potassium  cuprocyanide,  3KCy,CuCy.  The  only  method 
of  removing  the  copper  was  to  treat  the  ore  with  the  cyanide 
solution  obtained  in  ordinary  practice  containing  cuprocyanide, 
but  no  free  cyanide.  This  solution  would  dissolve  the  copper 
and,  after  having  been  freed  from  it  again  by  the  Siemens-Halske 
electrolytic  method  of  precipitating,  would  be  used  over  again. 

The  Quicksilver  Mines  of  Brewster  County/  Texas.     By  K.  P. 

SPAI.DING.  Eng,  Min,  J.y  Tiy  749-750. — The  only  company  in 
this  promising  district,  described  in  detail,  that  is  treating  the 
cinnabar  ores,  is  the  Marfa  and  Mariposa  Mining  Company.  It 
has  in  operation  a  10- ton  Huttner-Scott  furnace.  The  ore, 
crushed  to  ^-inch,  is  charged  hourly  by  a  car  holding  900  lbs.  and 
every  half-hour  half  a  car  of  spent  ore  is  withdrawn  below.  It 
takes  the  ore  about  twenty-four  hours  to  pass  through  the  fur- 
nace in  which  time  from  ij-ii  cords  of  wood  are  burned  on  the 
grate.  The  fumes  leaving  the  furnace  through  a  16-inch  sheet- 
iron  pipe  zigzag  through  six  condensers,  each  with  a  partition 
wall,  before  they  pass  through  a  long  flue  into  the  air.  The  con- 
densers are  dry  on  account  of  the  scarcity  of  water.  Most  of  the 
quicksilver  collects  in  the  first  three  chambers  which  are  freed 
from  soot  weekly,  while  the  others  have  to  be  cleaned  up  only 
once  a  month.  The  condensed  quicksilver  runs  off  continuously 
into  a  storage  tank  to  be  bottled.     The  soot  is  freed  from  a  large 
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part  of  its  quicksilver  by  working  on  an  inclined  plane,  when  it 
is  added  in  small  amounts  to  the  ore  charge.  The  yield  in  quick- 
silver is  estimated  to  be  90  per  cent.  In  five  months  1200  flasks 
of  quicksilver  were  produced. 

Blast-Furnace  Qajes  in  Oas-Engin«s.  By  J.  W.  Richards. 
/.  Franklin  Inst,^  150,  415-430;  Iran  Trade  Rev,^  33,  Dec.  13,  to, 
1900. — ^The  author  briefly  reviews  the  beginnings  and  the  present 
use  of  iron  blast-furnace  gases  in  gas-engines.  He  then  calcu- 
lates from  three  examples  of  gas — poor,  average  and  rich — ^the 
surplus  horse- power  that  can  be  obtained  if  the  gases  are  burned 
directly  in  gas-engines  or  first  under  boilers  to  drive  steam- 
engines,  and  shows  what  great  advantages  the  former  have  over 
the  latter. 

Tlie  Protection  of  Blast-Furaace  Linings.  By  S.  S.  Hart- 
RANPT.  Trans,  Am.  Inst.  Afin.  Eng.,  30,  573-577. — While 
f umacemen  take  the  necessary  precautions  to  protect  the  hearth 
and  bosh  of  an  iron  blast-furnace  beyond  the  life  of  the  lining  of 
the  shaft,  the  portion  of  the  lining  above  the  mantle-plate  has 
been  more  or  less  neglected.  The  author  proposes  to  secure  this 
part  by  introducing  water-cooled  plates  which  shall  reach  with 
their  front  edges  to  within  from  9  to  12  inches  from  the  inside  of 
the  brickwork.  This  will  permit  an  enlargement  of  diameter  of 
from  18  to  20  inches  without  endangering  the  plates  and  a  longer 
blast  of  regular  work  than  is  the  case  now. 

A  r#culiar  Silicioiis  Efflorescence  upon  Pig  Iron.    By  B.  F. 

Fackenthal.  Trans.  Am.  Inst.  Min.  Eng.,  30,  524-528. — At 
Durham  furnace,  while  making  Bessemer  iron  low  in  silicon,  it 
was  found  that  when  the  pigs  were  broken  hot  from  the  sow  an 
efflorescence  was  found  to  exude  from  the  fractures  in  the  form 
of  small  globules  and  thin  sheets.  An  analysis  of  the  efflores- 
cence gave  the  following  figures  : 

Per  cent.  Per  cent. 

Silica 94.87  97.67 

Oxide  of  iron  0.98  i.oi 

Oxide  of  manganese    0.25  0.26 

Lime None  None 

Magnesia None  None 

Titanic  add 0.95  0.98 

Loss  on  ignition 2.87 


•  • 


Total 99*92  99'92 

The  loss  by  ignition  in  the  second  analysis  is  principally  graphite. 
A  microscopic  examination  showed  the  material  to  have  a  radial 
fibrous  structure,  besides  there  were  found  occasional  cubical 
crystals  of  titanium  carbide  and  some  minute  hexagonal  crystals 
believed  to  be  graphite.  The  paper  gives  the  details  of  the  blast- 
furnace working  at  that  period  and  an  analysis  of  cadmia  that 
had  formed. 
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Howe  {op,  cit.y  118),  in  discussing  the  paper,  believes  the 
silicious  efflorescence  may  have  been  due  to  the  eliquation  of  a 
zinc  or  lead  silicide  which,  held  in  solution  by  the  cast  iron  in 
the  blast-furnace,  would  upon  removal  of  the  gas  or  vapor-pres- 
sure of  the  furnace  quickly  be  volatilized  and  at  the  same  time 
oxidized. 

The  Foundry  of  the  General  Electric  Conimny  at  Schenec- 
tady* N.  Y.  By  C.  L.  Prince.  /.  Am,  Faundrymen's  Assoc,  ^ 
9,  (i),  83-95. — An  illustrated  description,  rather  general  in  its 
character. 

Shot  Iron,  How  to  Recover  It,  and  How  to  Use  It.     By  C.  H. 

Putnam.  J,  Am,  Fou7idrymen's  Assoc,  9,  (i)  101-104,  (2)  71-75, 
(3)  15-16. — In  well-equipped  foundries  the  cinder  from  the 
cupola  is  usually  crushed  in  a  tumbler  and  the  shot  separated 
from  the  pulverized  cinder.  The  author  goes  farther  in  that  he 
passes  the  pulverized  cinder  over  a  magnetic  separator  and  thus 
saves  additional  iron ;  he  recovers  daily  from  the  dump  of  two 
cupolas  550  lbs.  siftings  which  give  450  lbs.  strongly  mottled  iron 
after  melting.  This  iron  has  got  to  be  worked  in  with  the  reg- 
ular cuix>la  charge,  the  amounts  to  be  found  by  experiment. 
The  daily  saving  by  the  combined  crushing  and  magnetic  separa- 
tion with  two  cupolas  amount  to  $3.00. 

Anthracite  as  a  Cupola  Fuel.  By  K.  Kirk.  The  Foundry, 
18,  II 1-114.— The  use  of  anthracite  as  a  cupola  fuel  is  limited  on 
account  of  the  smallness  of  the  anthracite  fields,  the  leading  ones 
occurring  in  four  counties  of  eastern  Pennsylvania.  While  in 
this  region  formerly  anthracite  was  the  sole  cupola  fuel,  it  has 
been  greatly  superseded  by  coke,  a  mixture  of  the  two  giving  most 
satisfactory  results.  The  paper  contains  tables  giving  the  com- 
plete records  of  a  number  of  foundings  using  anthracite  and  mixed 
anthracite  and  coke. 

The  Grading  of  Casting.  Report  by  Thos.  D.  West  and 
R.  MOLDBNKE.  J.  Am,  Foundrymen' s  Assoc,  June,  1901. — ^The 
authors  suggest  that,  in  grading,  the  percentages  of  silicon  and 
sulphur  should  show  the  following  range : 

Per  cent.  Per  cent. 

No.  1 2.50  to  3.00  0.03  maximum  or  under. 

No.  2x 2.00  to  2.50  0.03 

No.  2  soft 2.50103.00  0.04 

No.  2  plain 2.00  to  2.50  0.05 

No.  2  strong 1.50  to  2.00  0.05 

No.  3 T.5oto2.50  o.iotoo.05 

Etc.  Etc.  Etc. 

Fracture  Indicates  Quality.  By  B.  A.  Mayne.  The  Foundry , 
18, 123-124. — This  note  is  the  plea  of  a  foundry  man  for  the  use 
of  a  little  common  sense  in  the  judging  of  the  quality  of  pig  iron. 
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It  appears  that  the  earnest  and  just  protest  against  judging  pig 
iron  by  fracture  is  being  used  by  unscrupulous  people  in  palming 
ofiP  all  sorts  of  stuff  on  the  foundrymen  on  the  strength  of  a  so- 
called  chemical  analysis. 

Foundry  Iron.  By  C  Henning.  J.  Am.  FoundrymerCs 
Assoc.y  g(i)y  121-124. — The  author  attributes  most  of  the  diffi- 
culties encountered  by  foundrymen  to  the  variation  in  the  com- 
position of  the  pig  iron.  He  has  always  had  successful  casts  with 
iron  having  the  following  range  of  composition :  total  carbon , 
3.50-3.75;  combined  carbon,  0.27-0.52;  Si,  2.62-3.22;  Mn, 
0.98-1. 18;  P,  0.60;  S,  0.03;  Cu,  0.02;  that  is,  the  impurities 
ranged  from  7.50-8. 10  per  cent.,  and  the  iron  did  not  run  lower 
than  92.475  per  cent.  Whenever  the  amount  of  impurities  ex- 
ceeded 8  per  cent,  or  a  determination  gave  a  lower  figure  for  iron 
than  92  per  cent.,  the  castings  would  be  porous  and  weak. 

The  Influence  of  Silicon  and  Sulphur  on  the  Condition  of 
Carbon  in  Cast  Iron.  By  H.  M.  Howe.  Trans.  Am.  Inst. 
Min.  Eng.,  30,  719-733. — In  recent  publications  data  have  been 
given  which  seem  to  show  that  the  percentage  of  graphite  in  cast 
iron  is  independent  of  the  amount  of  silicon  present.  The  author 
attributes  this  belief  to  a  wrong  interpretation  of  the  evidence. 
He  shows  that  the  graphite-content  in  normal  and  relatively  pure 
commercial  pig  iron  is  influenced  only  indirectly  by  the  percent- 
age of  silicon,  in  that  silicon  lowers  the  solvent  power  of  iron  for 
carbon,  and  thus  lessens  the  proportion  of  combined  carbon  and 
increases  that  of  graphite,  provided  the  total  carbon  remains  con- 
stant ;  the  decrease  of  combined  carbon  is  rapid  at  first,  especially 
as  the  silicon  rises  from  zero  to  0.75  per  cent.,  and  then  slower 
and  slower  ;  the  influence  of  silicon  is  often  masked  by  that  of 
other  variables.  Sulphur  is  known  to  raise  the  saturation  point 
of  cast  iron  for  carbon  ;  by  increasing  the  combined  carbon-con- 
tent, it  lowers  the  graphite-content.  It  is  estimated  that  the 
proportion  of  combined  carbon  in  pig  iron  is  increased  0.02  per 
cent,  for  each  o.oi  per  cent,  increase  in  sulphur  when  the  iron 
contains  1-2  per  cent.  Si,  and  0.03  per  cent,  for  each  o.oi  per 
cent.  S,  when  the  iron  contains  2-3  per  cent.  Si. 

The  Microstructure  and  Physical  Properties  of  Cast  Iron,  as 
Affected  by  Heat  Treatment,  Especially  in  the  flanufacture  of 
rialleabie  Cast  Iron.  By  A.  T.  Child  and  W.  P.  Heinkken. 
Trans.  Am.  Inst.  Min.  Eng.^  30,  734-759. — In  the  experiments, 
of  which  the  paper  is  a  record,  white  and  gray  cast  iron  bars  0.5 
inch  thick,  and  18  inches  long  were  packed  in  iron  oxide  and 
annealed  for  from  ten  to  forty  days  at  a  temperature  of  about 
950°  C.  Microphotographs  and  tension  tests  of  the  original  and 
the  annealed  bars  show  the  changes  which  take  place  in  the  pro- 
cess.    In  general,  the  cement  carbon  of  a  bar  breaks  down  in  the 
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process  to  temper  carbon  ;  this  is  oxidized,  while  the  graphite  is 
only  very  slowly  attacked,  hence  the  original  cast  iron  must  con- 
tain much  cement  carbon,  that  is,  it  must  run  low  in  silicon.  If 
the  casting  is  high  in  silicon,  there  remains  much  graphite  ;  such 
an  iron  requires  a  very  long  time  for  annealing,  and  gives,  being 
imperfect,  ^  weak  porous  product.  The  details  of  the  experi- 
ments can  be  discussed  only  in  connection  with  the  micrographs 
(of  which  there  are  30),  the  cooling  curves  (13  in  number),  and 
the  table  of  mechanical  tests. 

The  ChemUtry  and  Physics  of  Cast  Iron.  A  continued  dis- 
cusssion  by  H.  M.  HowE,  Outerbridge,  W.  R.  Webster,  and 
A.  W.  Whitney.  /.  Franklin  Inst,,  150,  329-355. — Excellent 
reproductions  of  fractures  of  castings  accompany  the  discussion. 

The  Annealing  of  White  Cast  iron.  By  C.  James.  /  Frank- 
lin Inst.,  150,  227-234  ;  Foundry,  17, 270-274. — The  author,  who  is 
a  manufacturer  of  malleable  castings,  has  embodied  in  this  paper 
some  leading  facts  relating  to  the  chemistry  of  annealing.  Only 
Bessemer  pig  iron  is  used  at  his  works ;  the  furnace  charges  con- 
sist of  mixtures  of  gray  irons  (combined  carbon,  0.50  ;  graphitic 
carbon,  3.50;  Si,  1.30;  Mn,  0.30  j  8,0.02;  P,  0.08),  and  of 
scrap  from  previous  operations,  the  whole  being  made  up  to  con- 
tain :  C,  3.40-3.80  ;  Si,  0.90-1.20  ;  Mn,  0.35-0.20  ;  S,  0.05-0.04  ; 
P,  0,04-0.03.  The  charges  are  melted  occasionally  in  the  cupola, 
but  generally  in  a  reverberatory  furnace  holding  from  3  to  5  tons 
of  metal.  A  furnace  is  brought  to  nearly  the  melting-point  of  the 
iron  before  it  is  charged.  This  will  cause  the  iron  to  melt  down 
in  from  three  and  a  quarter  to  three  and  three-quarters  of  an  hour; 
it  is  then  rabbled  and  fined  for  from  thirty  to  forty  minutes, 
when  a  test-piece  8  inches  long  and  i^  inches  in  diameter,  rapidly 
cooled  (when  it  has  solidified)  and  broken,  will  show  that  appar- 
ently all  the  graphite  has  disappeared  ;  the  casting,  made  from 
the  iron,  will  however  show  a  little  graphite  which  rarely  exceeds 
1.5  per  cent.,  an  average  of  a  number  of  such  castings  giving  : 
Combined  carbon,  3.02  ;  graphite  carbon,  0.47  ;  Si,*  0.78 ;  Mn, 
0.12  ;  S,  0.05  ;  P,  0.04.  The  charges  of  the  annealing  furnace 
weigh  from  2  to  3  tons,  large  castings  are  placed  in  the  open  fur- 
nace, small  ones  are  packed  in  covered  boxes  of  cast  iron  or 
wrought  iron  ;  the  only  di£Perence  between  the  two  after  annealing 
is  that  the  former  show  more  scale.  The  reason  that  castings 
when  heated  in  the  open  furnace  are  not  annealed  more  quickly 
than  when  packed,  is  that  in  the  iron  boxes  annealing  still  goes 
on  while  the  furnace  is  being  cooled  oflF,  while,  of  course,  this  is 
not  the  case  with  open  castings.  The  weight  of  the  castings  to 
be  annealed  shows  a  range  of  from  0.5  ounce  to  2000  pounds ;  the 
time  required  varies  accordingly  from  three  and  one-half  to  ten 
hours  after  the  castings  have  attained  the  full  temperature  which 
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is  about  loio®  C.  The  temperatures  at  which  change  of  carbon 
from  the  combined  (cement  carbon)  to  non-combined  (temper 
carbon)  state  takes  place  varies  somewhat  with  the  composition 
of  the  iron  and  is  closely  related  to  its  melting-point,  and  this 
again  is  governed  by  the  relative  amounts  of  carbon,  silicon, 
manganese  and  sulphur.  The  following  two  analyses  give  the 
changes  of  the  form  of  carbon  in  annealing. 

Combined  Temper 
Annealing.  carbon,      carbon.        Si.         Mn.  S.  P. 

Before 2.60        0.72        0.71    o. 1 10    0.045    o-039 

After 0.82        2.75        0.73    o.  108  '  0.04      0.039 

As  to  the  effect  of  impurities,  the  author  finds  that  phosphorus 
has  none,  while  the  reverse  holds  good  for  silicon  and  manganese; 
investigations  as  to  the  influence  of  sulphur  are  still  in  progress. 
Irons  low  in  silicon  and  manganese  are  practically  worthless  after 
annealing,  as  shown  by  the  following  analyses  of  annealed  cast- 
ings: 

Combined  Temper 

carbon.  carbon.  Si.  Mn. 

2.65  none  0.46  trace 

1.97  none  0.42  trace 

Iron  high  in  these  two  elements  works  well,  vizr. 

Combined  Temper 
Annealing.  carbon,     carbon.  Si.         Mn. 

Before 1.94        none       0.64    0.09 

After none        2.00        0.62    o.iio 

Thus,  silicon  forces  the  carbon  to  change  its  condition  and  man- 
ganese protects  the  silicon  from  oxidation. 

The  Cupola -Practice  in  the  Bessemer  Steel  Works.    By  S.  M. 

Rogers.  J.  Am,  Foundrymen' s  Assoc, ^  9,  (i)  40-46. — ^The 
cupola  of  a  Bessemer  plant  differs  only  in  a  few  details  from  that 
of  a  foundry  in  that  it  has  to  run  continuously  for  a  longer 
period.  Thus  it  is  important  that  the  crucible  walls  up  to  the 
boshes  shall  be  not  less  than  24  to  26  inches  thick  ;  the  tuyeres 
are  also  placed  higher  than  with  the  foundry  cupola,  as  the 
crucible  has  to  hold  a  larger  amount  of  metal.  The  number  and 
size  of  tuyeres  depends  upon  the  size  of  the  furnace ;  about 
30,000  cubic  feet  of  air  are  required  to  melt  i  ton  of  iron  ;  a  fur- 
nace with  a  4-foot  crucible  and  a  5-foot  bosh  will  contain  48-50 
tuyeres  in  two  rows,  the  tuy&res  being  4  inches  in  diameter  on 
the  outside  and  tapering  to  2^  inches  on  the  inside  ;  the  area  of 
the  tuyeres  should  be  at  least  2^  times  as  great  as  that  of  the 
bustle-pipe.  The  pressure  used  shows  a  range  of  from  4  to'7 
ounces  per  square  inch  ;  if  the  pressure  be  higher,  iron  is  liable 
to  be  oxidized  and  the  slag  to  foam.  In  order  to  flux  the  coke 
ash,  adhering  sand,  etc.,  forming  an  acid  slag,  from  35  to  40 
pounds  of  limestone  are  added  per  ton  of  iron.  The  cupola  under 
favorable  conditions  will  run  continuously  for  a  week;  the  life  will 
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be  shortened  if  the  iron  contains  much  manganese.  In  regular 
work  it  frequently  happens  that  there  is  some  delay  in  the  con- 
verting ;  in  such  cases  the  work  of  the  cupola  has  to  be  held  back. 
If  the  delay  lasts  longer  than  six  to  eight  hours,  the  contents  of 
the  cupola  will  have  to  be  dropped. 

Further  Notes  on  the  Bertrand-Thiel  Process.  By  J.  Harts- 
horns. Trans.  Am.  Inst.  Min.  Eng.,  30,  531-536. — Since  the 
last  report  on  this  process  by  the  author  (Mw  Rev.,  6,  56),  the 
main  development  has  been  in  the  direction  of  using  direct  metal 
from  the  blast-furnace.  The  furnace  has  also  been  enlarged. 
The  charge  consists  now  of  80  per  cent,  liquid  pig,  10  per  cent, 
cold  pig,  2  per  cent,  old  rolls,  8  per  cent,  scrap,  with  about  93.6 
per  cent,  iron  ;  four  heats  are  made  per  furnace  per  day,  and  the 
yield  in  clean  ingots  is  98.4  per  cent.  See  also  Howe  (  The  Min- 
eral Industry,  8,  378). 

The  «« Talbot"  Continuous  Open-Hearth  Process.    By  H.  W. 

Lash.  Iron  Trade  Rev.,  1901,  34»  Feb.  28,  p.  14.  The  paper  dis- 
cusses the  production  of  steel  by  the  Bessemer  and  the  ordinary 
and  the  Talbot  basic  open-hearth  processes.  It  appears  that  in 
due  time  the  Bessemer  will  have  to  3rieid  to  the  basic  open- hearth 
process  which  already  now  produces  at  the  same  cost  a  higher 
grade  steel  from  a  cheaper  pig  ;  its  disadvantages  are  that  it  re- 
quires from  five  to  six  times  the  yard  space  of  a  Bessemer  plant 
and  delivers  the  steel  with  less  regularity  and  in  larger  units. 
During  the  last  six  months  the  Talbot  process,  in  operation  at  the 
Pencoyd  Iron  Works  near  Philadelphia,  has  produced  regularly 
107  tons  steel  and  scrap  for  every  100  tons  of  pig  charged,  the 
large  excess  being  due  to  the  better  reduction  of  iron  from  iron 
oxide  charged  and  the  better  protection  of  the  metal  from  oxida- 
tion. The  paper  gives  a  horizontal  and  vertical  cross-section 
through  a  Talbot  open-hearth  plant  with  two  200-ton  furnaces. 
With  each  cast  20  per  cent,  of  refined  metal  is  removed  and  re- 
placed by  40  tons  of  unrefined  metal  either  direct  from  a  blast- 
furnace or  a  mixer.  As  10  casts  are  made  in  twenty-four  hours, 
the  capacity  of  the  plant  is  400  tons  steel  per  daj'.  The  relative 
costs  of  Bessemerizing  and  producing  steel  by  the  Talbot  process 
are  shown  in  the  subjoined  estimates  : 

Bbssbmbr  Process. 

100  tons  of  pig  iron  at  |i2.oo  per  ton $1,200.00 

I  ton  of  ferromanganese  at  f6o.oo  per  ton 60.00 

|i,  260.00 
Product  90  tons  of  ingots  and  scrap.    Cost  of  raw  material 
per  ton  of  ingots  produced %     14.00 
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TaIvBot  Process. 

I  lo  tons  of  pig  iron  at  $12.00  per  ton $1,200.00 

30  tons  of  ore,  mill  cinder  and  scale,  at  $4  per  ton 120.00 

9  tons  of  limestone,  at  70c  per  ton 6.50 

Fluorspar,  manganese,  ore,  etc 8.00 

)  ton  ferromanganese,  at  $6o.ooper  ton 30.00 

11,364-30 
Product  107  tons  of  ingots  and  scrap.    Cost  of  raw  material 
per  ton  of  ingots  produced %     12.75 

This  presupposes  that  the  cost  of  the  pig  in  both  cases  is  the 
same,  while  in  reality  phosphoric  pig  is  cheaper  than  Bessemer 
pig.  The  advantages  of  the  Talbot  over  the  ordinary  basic  open- 
hearth  process  are  :  i .  The  delivery  of  hot  ingots  to  the  bloom- 
ing mill  furnace  with  more  regularity  ;  2.  A  saving  of  25  per 
cent,  to  30  per  cent,  in  first  cost  of  plant ;  3.  Only  one-third  of 
the  space  is  required  for  a  given  capacity  ;  4.  Twenty  per  cent, 
less  fuel  is  required  per  ton  of  ingots  produced  ;  5.  The  labor  per 
ton  is  less  than  one-half,  and  the  yield  is  greater  than  ever  reached 
by  any  other  process. 
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Improvement  in  Orsat  Apparatus.  By  A.  Bemknt.  /.  Am, 
Chem,  Soc,  23,  57. — The  **  improvement*'  consists  in  the  intro- 
duction of  a  glass  disk  to  hold  up  the  glass  tubes  in  the  pipettes. 
The  abstractor  recollects  having  seen  fourteen  years  ago,  a  wire 
support  for  this  purpose,  which  has  been  in  use  ever  since. 

An  Automatic  Filter  Washer.  By  J.  M.  Pickel.  /.  Am. 
Chem,  Soc,  23,  589-593. — The  apparatus,  which  is  especially 
designed  for  the  determination  of  the  water-soluble  content  of 
fertilizers,  cannot  well  be  understood  without  the  figure.  It 
would  seem  to  be  admirably  adapted  for  its  purpose. 

An  Easily  Constructed  Barometer.  By  G.  W.  Russell. 
Am.  Chem,  /.,  25,  508-510. — This  article  describes  an  easy 
method  of  preparing  a  siphon  barometer. 

A  New  Coal  Calorimeter.  By  S.  W.  Parr.  /.  Am,  Chem, 
Soc,  22,  646-652. — This  instrument  uses  the  principle  of  the 
L.  Thompson  calorimeter,  that  of  burning  the  coal  by  the  use  of 
some  chemical,  sodium  peroxide  in  this  case.  This  has  the  very 
important  advantage  that  it  absorbs  the  products  of  combustion, 
thus  preventing  loss  of  heat  from  this  cause.  Results  obtained 
varied  by  less  than  0.8  per  cent,  from  those  of  the  bomb  calorim- 
eter. 
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Improved  Electric  Furnace  for  Laboratory  Use.  By  S.  A. 
Tucker  and  H.  R.  Moody.  /.  Am,  Chem.  Soc,  23,  473-476. — 
The  improvement  consists  in  the  use  of  carbon  bricks  luted  with 
graphite  paste  instead  of  the  chalk  blocks  of  the  Moissan  furnace. 
One  inch  electrodes  pass  in  through  clay  or  asbestos  cylinders. 
The  size  of  the  furnaces  in  the  clear  was  6X4X2  inches.  Cur- 
rents of  300  amperes  at  70  volts  were  used. 

An  Apparatus  lor  Determining  Fat.  By  H.  J.  Whekler 
AND  B.  L.  Hartwell.  /.  Am.  Chem,  Soc,  as,  338-343. — ^The 
apparatus,  which  is  illustrated  by  a  figure,  consists  of  a  battery  of 
ten  improved  Knorr  extractors.  The  improvements  consist  in 
part  in  the  use  of  an  ordinary  flask  and  of  a  smaller  quantity  of 
dry  ether,  and  in  an  arrangement  serving  to  recover  the  ether. 

Pharmacist's  Apparatus  Stand.  By  J.  P.  Remington.  Am, 
J,  Pharm,,  73i  19-20.  This  stand  consists  of  a  pair  of  vertical 
supports  carrying  horizontal  bars  upon  which  the  rings,  burette 
clamps,  etc.,  may  be  fastened. 

The  Use  of  Acetylene  Qas  a^  Fuel  in  Chemical  Laboratories. 

By  Arthur  I^achman.  Am,  Chem,  J,,  24,  39-45. — ^The  con- 
clusions are  that  it  does  not  pay  to  use  acetylene  as  a  laboratory 
fuel  in  place  of  gasolene  gas.  Although  the  cost  of  an  acetylene 
equipment  is  less,  the  generator  requires  more  than  twelve  times 
the  attention,  the  gas  must  be  purified  from  phosphine,  and  the 
flame  cannot  be  regulated  with  sufficient  accuracy  for  delicate 
work,  such  as  the  heating  of  thermostats  ;  moreover  a  luminous 
jet  deposits  a  large  quantity  of  soot.  The  heat  of  combustion  of 
gasolene  gas  is  almost  twice  that  of  acetylene,  and  the  cost  about 
one-half  :  it  would  seem  therefore  inadvisable  to  use  it  from  the 
standpoints  of  either  cost,  convenience,  or  practicability. 

Apparatus  for  Generating  Oases  at  Constant  Flow  and  of 
High  Efficiency.  By  G.  A.  Koenig.  Am,  Chem,  /.,  24,  373-7. 
— ^The  apparatus,  which  is  illustrated  by  a  figure,  provides  for 
the  heating  of  the  generating  vessel  to  about  80®.  This  insures  a 
constant  current  of  gas  (of  sulphuretted  hydrogen  or  chlorine). 
It  is  also  so  arranged  that  the  acid  necessary  for  the  generation  be 
added  in  successive  small  portions,  thus  preventing  waste.  It 
seems  to  be  novel  and  efficient. 

A  riodification  of  the  Bunsen  Vacuum  Pump.     By  M.  H. 

Ittner.  Am,  Chem,  /.,  24,  253-5. — The  pump  consists  of  a 
reservoir  to  provide  a  constant  heat  of  air-free  water,  which  is 
discharged  through  a  jet  into  a  bulb  imparting  a  vertex  motion 
to  the  water  passing  down  the  fall  tube.  The  exhaust  tube  is 
taken  off  at  such  a  point  as  almost  to  preclude  the  possibility  of 
water  striking  back  into  the  vessel  evacuated. 
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A  Multiple  Fat  Extractor.  By  C.  I^.  Penny.  Am.  Chem.  /., 
249  242-249. — The  apparatus,  which  acts  upon  the  Soxhlet  prin- 
ciple, is  constructed  of  metal,  and  permits  of  the  extraction  of 
51  samples  of  milk,  in  capsules,  at  one  time.  These  capsules  are 
of  tin-foil,  and  are  2  inches  in  diameter  and  f  of  an  inch  deep. 
They  are  such  as  are  used  for  capping  salt-mouth  bottles.  As- 
bestos or  coarse  sand  is  used  as  an  ab^rbent  for  cream.  When 
the  milk  residue  has  dried,  the  capsules  are  packed  vertically  on 
the  edge  of  the  cylinder,  and  submitted  to  the  action  of  the 
petroleum  ether.  No  trace  of  mechanical  loss  has  been  observed 
when  the  racks  used  to  hqld  the  capsules  fitted  properly. 

Two  Devices  for  Circulatins:  Liquids  at  Constant  Tempera- 
ture. By  I.  H.  Derby.  /.  Phys.  Chem.,  5,  17-20. — One  con- 
sists of  a  centrifugal  pump  in  glass,  the  suction-pipe  being  at  the 
top  of  the  liquid  and  forcing  it  through  a  jacket  of  constant  tem- 
perature to  the  bottom  of  the  liquid.  This  has  the  disadvantage 
that  the  circulation  may  be  insufficient.  The  other  makes  use  of 
the  Witt's  stirrer,  instead  of  the  centrifugal  pump  above  men- 
tioned. This  insures  a  thorough  circulation  of  the  liquid  in  the 
bath. 

Electric  Furnaces  lor  the  110- Volt  Circuit.  By  Nevil  Mon- 
roe Hopkins.  /.  Am.  Chem.  Soc. ,  20,  769-773.  —Two  furnaces 
for  laboratory  use  are  described  and  illustrated  by  figures.  One 
consists  of  three  pairs  of  arc  light  carbons,  which  are  inserted  in 
an  iron  vessel  lined  with  fire-brick,  and  are  so  connected  that  the 
three  arc  gaps  are  in  series  with  one  another,  whereby  it  is  made 
possible  to  reduce  the  external  resistance  necessary.  This  fur- 
nace may  serve  for  preparing  calcium  carbide.  The  other  fur- 
nace is  smaller  and  has  no  special  characteristics. 
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iodine.. 37 

AlkAloidB  of  ceanoiMus  A  meficanus loi 

Alkyl:  halides,  action  of  sodium  on,  in  presence  of  methyl  cyanide,  125;  salicylates, 

action  of  aniline  on,  7 ;  thiocyanates,  action  with  thiol  acids 127 

Allantoin,  formation  in  animal  body 186 

Alloy :  nickel  and  aluminum,  disintegration,  21 ;    for  steam  valves 21 

Alloys :  made  in  electric  furnace,  99,  100  ;  aluminum-magnesium 58 

Alum,  production 208 

Alums :  properties  as  related  to  periodic  system,  145 ;  physical  properties 142 

Alumina,  manufacture i 132 

A  luminates  of  alkalies  and  alkaline  earths 13 

Aluminum :  action  of  oiustic  alkalies  on,  13 ;  as  an  electrode,  34 ;  alloys  with 
nickel,  21  ;  alloys  with  zinc,  132  ;  alloy  with  magnesium,  58 ;  new  method 
for  estimating,  36 ;  melting-point,  1S8 ;  at  the  Paris  Exposition,  107 ;  pro- 
duction, 208 ;  improvements  in  metallurgy,  210 ;  industry,  recent  progress, 

67 ;  use  as  conductor  and  reducing  agent,  208 ;  uses,  67  ;  oxide  purification.  210 

Amalgam  press 128 

Amalgamator,  Br]ran  mill  as 22 

Amalgamation,  plate 24 

Amalgams,  lead,  nature 99 

Amides,  hydrolysis 79 

>-Amido-o-tolylphenylsulphone 84 

Amines :  synthesis  from  alkyl  salicylates,  123 ;  secondary,  synthesis  from  alkyl 

salicylates 7 

9-  Amino-4-methylphenyl  ether  ....*. 84 

Ammonia  :  industrial  preparation,  62 ;  reaction  with  chlorine 195 

Analcite,  action  of  ammonium  chloride  on 72 

Analysis :  microchemical,  201 ;  blowpipe,  use  of  sodium  in 205 

Andesite,  analysis 75 

Aniline  :    action  on  alkyl  salicylates,  7  ;  orange  in  milk,  test  for 1 17 

Anisylideneacetophenonedibromide 5 

Annealing,  effect  on  low  carbon  steel 100 

Anorthite 137 

Anthracite,  as  cupola  fuel 217 


• 
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Antimony :  atomic  weight,  14a ;  quadriTmlent  salt,  196 ;  melting-point,  188 ;  doable 

flnorides  with  caesium,  197  ;  separation  from  lead,  35 ;  lecovcry  from  waste  180 
Apparatus :  for  measuring  high  pressures,  a ;  Orsat,  improvement,  22a ;  for  washing 
filters  automatically.  22a ;  for  fat  determinations,  225 ;  stand  for  pharma- 
cists, 239 ;  for  multiple  fat  extraction,  224 ;  for  circulating  liquids  at  con- 
stant temperature,  224 :  for  generating  gases,  223 ;  for  decomposition  volt- 
ages, IS ;  to  demonstrate  Boyle's  law,  160 ;  for  determining  coefficient  of 

expansion  of  air,  160;  physico-chemical 159 

Aigon:  atomic  weight,  141 ;  spectrum 188 

Aralia  nudicauKs^  terpenes  in loi 

Araliene lot 

Arsenic :  expulsion  from  copper  ores  and  matte,  210 ;  separation  from  lead,  cad- 
mium, and  silver,  35 ;  separation  from  copper,  96 :  add,  iodometric  estima- 
tion   96 

Arsenides,  copper,  artificial 75 

Araenious  oxide,  detennination  in  Paris  green 33*  i75 

Asphaltcne 106 

Asphalts :  analysis,  107 ;  artificial  preparation,  66 :  determination  of  fustng-points        no 

Aspbaltum:  production,  94 ;  production  and  imports 91 

of  drugs ISO 

lying,  use  of  iron  in 10s 

Atmnic  weights :  of  antimony,  142 ;  standard,  142 ;  published  in  1900, 141 ;  inter- 
national          141 

Aurous  chloride,  compound  with  methyl  sulphide % 127 

BARIUM :  estimation  as  oxalate,  174 :  borates,  action  of  carbon  dioxide  on,  8 : 

chloride,  transference  number,  146 ;  nitrate,  transference  number 146 


ooostitutlon  ■••■■••••••••••••••«•••>•••••«•••••  •.....•....•.•••••••  134 

Bauxite:  pacification,  184;  electrolytic  purification 210 

Beoquerd  imys 156 

Beer  brewing,  improvements  in 68 

Beet :  sugar,  investigations  in  Ohio  and  Kansas,  aia ;  utilixation  of  waste 183 

Beets,  amount  of  sugar  in 104 

Belladonna,  assay 40.  lao 

Bensene :  constitution,  124 ;  vapor-pressure,  specific  volume,  heat  of  vaporisation, 

131;  disulphoxide las 

Bensene-4<«sore9orcin,  two  modifications. 166 

Benaenesalphonchloride,  action  on  urea 124 

Bensoicadd,  vapor-pressure 153 

Benaonitrile,  latent  heat 149 

o-Bensoquinone  and  derivatives 163 

o-Bensoyldiplienylsulplione 121 

irbonic  eaters 168 

ssters 77 

«-Bensoyl-a-naphthylhydrazine 162 

Bensoylpaeudonreas. 77 

Bensoylnreas 77 

Bertrand-Thlel  process asi 

Bicarbonates,  ntimatian 181 

Bilirubin • 184 

Bio-cbemlstry,  relation  to  pathology ■ los 

Bismuth:  assay,  aoo;  separation  from  lead,  35;  basic  nitrates loo 

Bitumens,  of  Calif  omia Cs 

Blast-furnace:  desulphurizers  in.  58;  vraste-gases  in,  133:  linings,  protection ai8 

Bleaching  by  electrolysis i8a 

Boiling-point  curves 3 

Boiling-points:  minimum  and  vapor  composition,  153;  of  mixtures  of  alcohol  and 

w*t« 154 

Boilers:  foaming  in,  cause,  in;  nature  of  deposits  in 180 
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Boiler-water,  trealiiient 112 

Bormtc8»  action  of  cftrbon  dloxideon • 37 

BrBM:  propertJca,  313:  effect  of  contained  oxygen  on 2x1 

Brewing,  liistoiy  and  development 68 

Bromanilidodinitrobense  ne 163 

^-Bromdihydrocamphol  jtic  add 79 

Bromine:  behavior  with  chlorine  heptozide  and  perchloric  acid,  no;  recovery 

from  brine,  ao7;  amount  in  ocean  and  Dead  Sea 307 

Bronae  powders,  manufacture 183 

Bolter,  test  to  distinguish  from  oleomargarine * 117 

CADMIUIiff:  determination,  174;  melting-point,  188;  electrolytic  separation  from 
silver,  176:  separation  from  copper,  96;  separation  from  zinc,  aoo;  separation 

from  arsenic,  35;  ferrocyanides 14 

Caesium;  double  chloride  with  thorium,  198;  double  fluoride  with  tellurium,  198; 
material,  purification,  196;  acid  nitrates,  197;  antimony  fluorides,  197;  bis- 
muth nitrate,  197;  ferric  nitrate,  197:  periodate,  197:  persulphate 14 

Calcium:  atomic  weight,  141;  determination  in  slags,  37;  estimation  as  oxalate, 
174;  separation  from  magnesium,  199*.  carbonates,  solubility  in  salt  solu- 
tions, 181;  oxalate,  solubility,  199;  silicates,  temperature  of  formation 15 

Calorimeter:  modified,  159;  new,  for  coal 2x2 

Campholytic  add,  racemic 169 

Camphoricadd 78,169 

Camphoroxalic  add  derivatives 171 

Carbon:  rapid  determination  in  steel,  34;  in  cast  iron,  influence  of  silicon  and  sul- 
phur on,  218;  trivalent,  122, 125,  171;  dioxide,  estimation  in  water,  178;  diox- 
ide, action  on  borates  of  barium,  8;  action  on  soluble  borates 37 

Carbonates,  estimation,  x8i ;  equilibrium  between,  and  bicarbonates 181 

Carbonic  add:  determination  in  water,  173;  determination  by  Amdt  method aox 

Carborundum:  use  in  cupola  practice,  60;  patent  claims  for 69 

Camolite:  analysis,  iio:  occurrence  in  Colorado 73 

Carvone,  estimationin  oils 40 

Castings:  grading,  217;  steel,  Tropenas  process  for.... 134 

Catalysis:  and  chemical  energy,  158;  in  poljrmerization  of  aldehyde,  154;  in  concen- 
trated solutions,  X47;  in  oxidation  of  stannous  chloride  by  air 147 

Ceanothine xoi 

Cell:  Clark,  new  form,  189;  Clark,  B.  M.  P.,  189;  electrolytic  polarization,  191;  vol- 
taic, thermodya  mics 1 93 

CelluUth 71 

Cement:  Portland,  92;  Portland,  analysis,  34;  Portland,  manufacture,  69,  70;  Port- 
land, history,  63;  Portland,  industry  in  New  York 179 

Cephaeline,  presence  in  ipecacuanha 102 

Chabazite,  occurrence  in  Colorado 76 

Charcoal,  production 179 

Chemistry :  organic,  revival,  17X ;  teaching  of,  in  medical  schools 186 

Chlorination  at  Cripple  Creek 315 

Chlorine :  spectrum,  189 ;  reaction  with  ammonia,  195 ;  heptoxide,  behavior  with 

bromine  and  iodine 99 

Chloroform,  velodty  of  decomposition  with  potassium  hydroxide 148 

Chromium,  estimation  in  steels 97 

Ciminite,  analysis 75 

Cinders,  analysis 174 

Cistranscampholytic  add,  structure 78 

Clay  industry  in  United  States 9a 

Clays,  fire,  of  Burope 91 

Cloves,  analysis 118 

Coal :  analyses,  133 ;  new  calorimeter  for  analsrsis,  222  ;  occurrence  in  Philippine 
Islands,  92 ;  field,  Coos  Bay,  geology,  90 ;  fields  of  Puget  Sound,  88 ;  fields, 

McAlesterlfChigh,  geology 90 

Cobalt :  allojrs  with  molybdenum  and  tungsten,  98;  separation  from  nickel 63 
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Coca,  assay «...  lao 

Coeffidcnts,  thermal  and  dynamic 158 

Coemlcin,  derivatives  and  constttntion 165 

Coking^,  coot 17 

Colloids,  compreaaibtUty a 

Complex,  igneoos,  of  Magnet  Cove,  Ark 41 

Concretions,  calcareous,  of  Kettle  Point,  Ont 46 

Conductivity  of  double  salts • • 144, 145 

Contact  phenomena  of  the  palisade  diabase S3 

Copper:  melting-point,  188;  influence  on  corrosion  of  steel  and  iron,  154;  occnrrenoe 
in  Philippine  Islands,  92 :  refining,  elimination  of  impurities  in,  an  ;  weld- 
ing, 18 ;  estimation  as  sulphocyanide,  97 ;  electrolytic  determination,  9cx> ; 
new  volumetric  method  for,  33  ;  colorimetric  determination,  38  ;  oolorimet- 
ric  assay,  207 ;  volumetric  estimation,  96 ;  determination  in  chilled  slag,  37 : 
determination  in  ores  by  cyanide  process,  39;  determination  in  ferrochrome, 
34  ;  determination  in  sulphide  ores  and  matte,  37 ;  electrolytic  separation 
from  mercury,  176 ;  sepamtion  from  cadmium,  arsenic,  tin,  and  zinc,  96  ; 
arsenides,  occurrence,  75 ;  castings,  method  of  making,  211 ;  materials,  as- 
say for  gold  and  silver,  ao6 ;  -nickel  matte,  electrolytic  working,  21 ;  ores, 
leaching,  131 ,  ores  of  Porto  Rico,  95 ;  slags,  analysis,  39 ;  sulphate,  ciystal- 
lization,  195  ;  -wire,  electrolytic  production,  21 ;  voltameter,  191 ;  see  also 
cuprous. 

**Coronet  rolls" lOS 

Crasher,  Br]ran  mill 2a 

Cijalal^  atndy  of  growth 152 

Cupola  piartice :  fael  imtio  in,  32 ;  in  Bessemer  works 220 

Cuprous  chloride,  compound  with  methyl  sulphide 127 

Curve,  boiling-point,  of  alcohol  and  water 152 

Curves,  boiling-point 3 

Cyaniding :  cupriferous  ores,  215 ;  silidous  ores,  29.  31 ;  slimes,  129 ;  tailings^  129, 
215 ;  precipitation  in,  aS ;  at  Taltal,  Chili,  56 ;  at  I«iberty  Bell  Mine,  30 ;  at 
Mercur 24,  26 

DSHYDROMUCIC  acid:  reduction,  161 :  preparation,  properties,  and  derivatives  160 

Dehydromudcdiacetic  anhydride 161 

Desulphurization,  use  of  lime  and  magnesium  for 58 

Diabase,  palisade,  contact  phenomena S3 

Diastasimetry 41 

ca'-Dibenzoylfurfuran 161 

M-I>ibromdinitrobensene  and  derivatives 163 

Dibrora-M-phenylene  diamine 163 

Dibromdinitrobenzene i6s 

Dielectric  constants  of  nitriles 113 

Dihydroaminocampholytic  acid 79 

DihydroHi-campholytic  add    170 

Dihydrohydrox3rcampholytic  acid 79,  169 

^,^-Dimethyladipic  add 171 

Dimethylamine,  double  salts  with  selenium  halidcs 6 

2,s-Dimethylbenzaldehyde ', 171 

Dimethylcyclopentanone 171 

o-Diozydiphenylsulphone 163 

Diphcnozydinitrobenzene 163 

Dissociation  :  electrolytic,  probability  of  theory,  134  ;  electrolytic,  lecture  experi- 
ments illustrating 3 

Dissociating  powers  of  solvents xsiS 

Di^^wood,  Jamaica,  constituents 103 

Domeykite 73 

Drugs:  assay,  123 ;  properties  and  constituents 177 

Dust,  flue,  losses  in x8 

Dynamite,  properties  and  uses 109 
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B  ARTH :  Puller's,  production,  95 ;  Puller's,  occurrence  in  United  States .  •  67 

Bdestin,  decomposition-products 186 

Blectrode,  aluminum 34 

Blectrolsrsis :  secondary  reactions  in,  192 :  of  solutions  containing  substances  with 

common  ion,  114;  in  bleaching  textiles 180 

Electrolytic :  action,  in  batteries,  19a  ;  action,  action  of  gravity  and  pressure  on, 

190 ;  production  of  copper  wire,  n  ;  process  for  working  copper  matte 31 

Electromotive  force :  of  metals  in  cyanide  solutions,  193 ;  of  polarisation  of  cells. .  114 

Bmery,  analysis 135 

Emetine,  presence  in  ipecacuanha 102 

Enzymes,  chemical  nature 184 

Equilibrium :  of  chemical  systems,  158 ;  reaction  and  velocity,  154 ;  chemical,  ex- 
periments illustrating 3 

Brythrosine,  value  as  indicator  in  water  analysis 115 

Ether,  Jelly  theory a 

Ethyl :  chlorcarbonate,  action  on  salts  of  carbonic  and  carbamic  adds,  82 ;  isourea, 
167;  malonate,  action  of  sine  and  ethyl  iodide  on,  126 ;  salicylate,  action  of 

ammonia  and  amines  on 1 23 

Ethylene,  solubility 178 

Experiment  Station  Bulletin xx8 

Explosives :  analysis,  176;  analysis  and  tests  for,  64;  properties  and  applications, 

63;  high,  uses.. 109 

1^ AT :  apparatus  for  determining,  »3 ;  multiple  extractor 224 

Pats,  determination  of  water  in 203 

Peeding  materials,  analyses 1 18 

Perric  chloride ;  hydrolysis,  143 ;  colloidal,  effect  of  temperature,  etc.,  on 143 

Perrochrome,  determination  of  copper  in 34 

Perro-titaninm 59 

Perrons  iodide,  preparation  and  properties 7 

Perrons  silicates,  temperature  of  formation 15 

Pertilizers  :  analyses,  72,  xia,  i8a;  determination  of  available  nitrc^en  in,  1x9;  de- 
termination of  organic  nitrogen  in,  X7a  ;  rate  of  nitrification  in X40 

Piltration  of  water  supply  at  Pittsburg 116 

Pire-proof  wood 64,  xo8 

Poaming  in  boilers,  cause xii 

Pood:  materials,  analsrses,  X77;  constituents X77 

Poods :  chemical,  in  Germany,  71  ;  detection  of  salicylic  acid  in,  40  ;  analjrsis, 

for  preservatives  and  coloring-matters 117 

Pormaldehyde :  determination,  4,  X40 ;  use  in  textile  industries,  61 ;  test  for,  in 
milk,  X76 ;  separation  from  acetic  aldehyde,  lax ;  as  product  of  partial  com- 
bustion   X2X 

Poundry  of  General  Electric  Co 217 

Preesing-point :  formula  for  depression,  156 ;  of  solutions  of  non-electrolytes X44 

Puel  ratio  in  cupola  practice 3a 

Puraloid.i X18 

Pumace,  electric  223,  aa4 

GADOMNIUM,  atomic  weight 14X 

Gallein,  derivatives  and  constitution 165 

Gallium,  spectrum x88 

Gas :  for  laboratories,  aa3;  natural,  fluctuations  in,  208 ;  fuel,  Mond 183 

Gas  engines,  use  of  blast-furnace  gases  in 2x6 

Gases :  analysis,  203  ;  endothermic,  explosion,  2 ;  generating,  apparatus  for,  223  ; 
liquefaction,  158  ;  waste  of  blast-furnace,  heat  from,  133 ;  the  two  specific 

heats 158 

Gaslights,  Welsbach,  improvements  in X79 

Geology :  of  gold  fields  of  Alaska,  87 ;  of  San  Clemente  Island,  89 ;  of  I«ittle  Rock 
Mountains,  Montana,  93;  of  Monhegan  Island,  52;  of  the  McAlester-t,ehigh 
coal  fields,  90 ;  of  slate  belt  of  New  York  and  Vermont,  90;  of  Judith  Moun- 
Uins,  MonUna,  88 ;  of  coal  fields  of  Puget  Sound,  68;  of  Coos  Bay  coal  field, 

Oregon,  90;  of  Tintic  District,  Utah 915 
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Gland,  suprarenal,  principle 185 

Glass,  new  German 71 

Globulin  edestin 184 

Gold  :  amalgamation  process  for,  128;  assay,  in  copper  materials,  ao6;  qua  titative 
determination  by  blow-pipe,  305 ;  extraction  by  plate  amalgamation,  212 ; 
extraction,  Union  Gold  Co*s  mill,  213 ;  extraction  by  Dexter  Gold  Mining 
Co.,  214 ;  fields  of  Alaska,  geology,  87;  melting-point,  188 ;  mines  at  Taltal, 
Chili,  «i6 ;  mining  in  Georgia,  24  ;  occurrence  ui  Philippine  Islands,  92 ; 
ores,  stamp-milling,  128 ;  ores,  low  grade  cyaniding,  31 ;  Vfcs,  «fcaniding, 
24,  26,  26,  29,  30 ;  ores  of  Black  Hills,  212 ;  refining,  18 ;  refining,  at 
Globe  Works,  Colo.,  17  ;  veins  of  Idaho,  92 ;  see  also  Aurous. 

Goldschmidtite 74 

Graphite  :  estimation  in  pig  iron,  97 :  formation  and  manufacture 65 

Granite-gneiss  area  in  Conn 43 

Granites:  of  Pikes  Peak,  46;  of  Atlantic  coast 41 

Granolites,  feldspathic,  nomenclature 44 

Grinder  for  ores 205 

Guanyl  urea,  benzene  sulphonate,  action  of  acid  on 124 

Gunoottoii,  properties  and  use xo8 

Gutta  percha,  substitute  for. 71 

Gypsum,  solubiUty  in  solutions  of  salts x8i 

HAIRPIN  color  test  204 

Health,  silver-mounted  ware  a  menace  to 71 

Heat :  latent,  improved  method  for  determining,  149;  latent,  of  some  organic  com- 
pounds, 150 :  specific,  of  solutions,  151 ;  evolution  when  powders  treated 

with  Uquids,  15s ;  capacity,  nomenclature 157 

Heat-treatment  of  steel,  e£Fect  on  microstructure S9 

Heats,  specific  of  gases 158 

Helium  :  atomic  weight,  143  ;  separation  from  air 149 

Heptane,  occurrence  in  trees 118 

Heroin,  test  for 140 

Hexabrom-o-quino-pyrocatechin  ether 164 

Hide  powder  tests,  comparative 106 

Hydrocarbons  in  Texas  petroleum ^ 5 

"  Hydrochloric  add  :  influence  of  stannous  chloride  on  conductivity,  146  ;  eifect  on 

decomposition  of  sulphonic  acids 147 

Hydrogen :  boiling-point,  148 ;  determination  in  gas  mixtures,  303 ;  errors  in  deter- 
minations, 175 ;  heat  of  vaporisation  and  fusion,  149 ;  melting-point,  149 ; 
presence  in  atmosphere,  148  ;  refractive  index,  149 ;  spectra,  188;  spectrum, 
189 ;  dioxide,  determination,  203 ;  dioxide,  estimation  in  presence  of  preser- 
vative agents,  35 ;  sulphide,  determination  in  illuminating  gas 203 

Hydrolysis:  of  acid  amides,  79;  of  ferric  chloride 143 

Hydrothymoquinone,  presence  in  bergamot  oil 121 

ICBdensity * 151 

IchtuUnic  add,  analysis 185 

Indicator :  new,  139 ;  for  determining  addity  of  wines 173 

Industries,  chemical :  condition,  no;  of  Germany 71 

Insectiddes :  analysis,  182 ;  arsenical,  analysis,  33  ;  chemistry 105 

Iodine :  use  to  standardize  alkalies,  37 ;  action  on  chlorine  heptoxide  and  per- 
chloric add 99 

Ipecacuanha ■■ 102 

Iron  :  atomic  wdght,  141 ;  corrosion,  influence  of  copper  on,  134  ;  determination  of 
sulphur  in,  173;  ferrous,  determination,  32;  determination  in  magnetite 
ore,  34 ;  expansion  at  high  temperatures,  148 ;  spectrum,  189 ;  use  in  assay- 
ing, 105;  group,  salts,  magnetic  molecular  susceptibility,  115;  industry, 
early,  58 ;  cast,  influence  of  silicon  and  sulphur  on,  218 ;  cast,  effect  of  heat- 
treatment  on  microstrudure  and  physical  properties,  2x8 ;  cast,  chemistry 
and  physics,  219 ;  white  cast,  annealing,  219 ;   cast,  characteristics,  loi ; 
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castings,  malleable,  shrinkage,  6i ;  malleable,  cast,  annealing,  60 ;  mallea- 
ble, cast,  properties,  60 ;  malleable,  cast,  manufacture,  318 ;  foundry,  2x8 ; 
ores  of  the  Adirondacks,  90 ;  ores,  91,  94 ;  ores  of  Porto  Rico,  95 ;  pig, 
cost  of  production,  17 ;  pig,  silidous  efflorescence  in,  316 ;  pig,  sampling, 
176,  300,  305 ;  I>iffi  distribution  of  sulphur  in,  98 ;  pig,  irregular  distribution 
of  sulphur  in,  34 ;  pig,  fracture  of,  as  an  indication  of  quality,  3x7 ;  pig,  esti- 
mation of  graphite  in,  97 ;  shot,  317 ;  works  at  Cape  Breton,  133 ;  wolfram- 
ite, 137 ;  wrought,  corrosion,  59.    See  also  Ferrous  and  Ferric. 

Isoamyl  salicylate,  action  of  ammonia  and  amines  on 133 

Isoureas,  reactions ^ x68 

Jellies,  analysis 1x7 

KLAOUN,  origin 55 

Kaolins  of  Burope 91 

Ketodihydroquinaaolines,  preparation 5,  173 

Kynurenic  acid,  excretion 185 

Krypton  :  atomic  weight,  141 ;  separation  from  air,  149;  spectrum 188 

Kulaite,  composition 49 

L,ABOitATORIE8,  metallurgical,  equipment X5 

I«acmoid,  value  as  indicator  in  Hehner's  method 1x5 

Lanthanum,  spectrum 188 

Latent  heat  of  some  organic  compounds • 150 

Leaching  of  copper  ores 131 

Leadr  amalgams,  nature,  99;  ferrocyanides,  14;  melting-point,  188;  recovery 
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